r’.‘ “‘1 " ' - “ . . ) (_0 s 7 . A;.).(J_{":,
R l 3 a ; 52’ \ﬁ&m (Lt b G,

Chpedoo 000

' 4 e y',lf, - L';/-{,-;‘Z
NASA (T
' /Z:/L/ﬂ (f/“rj’/ ‘ P Z.

Automsiic System for Compuier
Program (ocumentstion

VOLUME 2

(NASA=CR=132752) NASA AUIOMATIC SYSTEHN

© N73-26177
FCk COMPUTER FROGRAH DOCUMENTATIONy YOLUNE '
2 Final Report {Iexas AEH Univ,)
39 p HC $17.50 CSCL 09B Unclas
LU ' .

G3/38 08u58

TEXAS A&M UNIVERSITY

DECEMBER 1972



DYNASOR II - A FINITE ELEMENT PROGRAM FOR THE
DYNAMIC NONLINEAR ANALYSIS OF SHELLS OF REVOLUTION

Joe R. Tillerson and Walter E. Haisler

USER MANUAL

October 15, 1970

TEES-RPT-70-19
Texas A&M University

College Station, Texas

P

L



.) Q“ R I - /U"}S'aza\/lq

ca-13eix3j

APPENDIX J

SAMPLE DOCUMENTED PROGRAM

|



J-1.1

ABSTRACT

The DYNASOR II program is used for the DYnamic Nonlinear Analysis of
Shells Of Revolution. The equations of motion of the shell are solved
using Houbolt's numerical procedure. The displacements and stress resultants
can be determined for both symmetrical and asymmetrical loading conditions.
Asymmetrical dyﬁamic buckling can be investigated. Solutions can be obtained
for highly nonlinear problems utilizing as many as five of the harmonics
generated by SAMMSOR program. A restart capability allows the user to

restart the program at a specified time.
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SOR - Shell 5f Revolution

Computer Prograns

A family of coapatible computar codes for th2 analysis 2f the shell
of revolution (SOR) structures has been developed by researchers at
Texas A&EM University. Thesa analyses employ the matrix displacement
method of structural analysis utilizing a «cucrved shell elament.
Geometrically nonlinear static 3and dynamic analyses can ba conducted
using these codes. The impdortant patural frejuencias and mode shapes
can also be determined by employing another of the coles. Efficient
prograaming provides codes capable of perforaing these jesirel analyses
in relatively small amounts of computer tiane.

Each of these programs has been extensively tested using problems the
solutions to which have been reported by other researchars in orisr to
establish the validity of the codss. 1In adiition, the capabilities of
the codes have been demonstrated in a nuaber of publications by
presenting solutions to problems which were unsolved by other
researchers.

SAMMSOR II - Stiffness And Mass Matrices for Sh21lls 2f Revolution are
generated wutilizing the €first aember of this family. This program
accepts a description of tha structure in tecrms of the «coordinates and
slopes of the nodes and the properties of the elsments joining the
nodes. Por shells with simple Jeonetries (such as «cylinlars, shallow
caps, hemispheres, etc.) the shell g20metry can be internally
generated. Utilizing the element properties, the structural stiffness
and mass nmatrices are generated for as zany as twa2nty harmonizs ani.
stored on magnetic tape. Each 2f the other SOR programs utilizes the
output tape generated by SAMMSOR as 1input data for the respactive
analyses. One advantage of creating the stiffn2ss and mass amatricas in
a separate program is that a variety of analyses cin be performed on tha
same shell configuration without having to create the matrices mors than
once, Obviously, a variety of boundary and loading conditiions zan b2
enmployed without having to create new mass and stiffness aatrices for
each case.

SNASOB II ~ The Static Nonlinear analysis 2f Shells 2f Revolution
subjected to arbitrary mechanical and thermal loading is performed using
the second conmputer cole. Utiliziny the stiffness natrices jznerated by
SAMMSOR and the loading conditions and boundary conditions input to
SNASOR 1II, the ejuilibrium equations for the structure are genecrated.
The nonlinear strain ena2rgy terms r2sult in psoudd> ganeralizel forces
(as functions of the displacea=nts) which are combinel with the appliei
generalized forces., The resultingy set of noanlinear algebraic ejuili-
brium equations is solved by onz2 of several methods: Hewton-Raphson
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type iteration, incr2mental stiffness method, or a modified incremental
stiffness method. 1In generil, the Newton-Raphson proca2dure 1is the best
and yields accurate results for highly noanlinear problems.

DYNASOR II -~ The third cod2 1is wusel for the DYnamic Nonlinear
Analysis of Shells Of Revolution. The equations of motion 5f the shell
are solved using Houbolt's numerical procajure with tha nonlinear terns
being moved to the right-hand side of tha2 equilibrium ejuations and

again treated as generalized loads. The displacements and stress
resultants can be determined for both syam2trical and asyammetrical
loading conditions, Asyometrical dynamic buckling can be investigated

using this program. Solutions can be obtained for highly nonlinear
problens in reasonable periads of time on the computer utilizing as many
as five of the harmonics generated in SAMMSOR. A restart capability is
incorporated in this code which allows the user to restart the progran:
at a specified time without haviny to expend th2 computer time nacassary
to regenerate the prior response.

FAMSOR - Frequencies And Modes for Shells Of Revolution can be
determined using the fourth code. Using the stiffness matrix genesrated
by SAMMSOR and a lumpel mass reprasentation developel from the consis-
tent mass matrix generated by SAMMSOR, a sp2cifiad number of natural
frequencies (beginning with the lovest or fundamental frequency) are
obtained using the inverse iteration method. The mode shapes for each
of the frequencies are alss obtained.



J-1.7

SYSTEM FLOWCHART

Structural
Description

Generates stiffness
SAMMSOR Il }-— —Jand mass matrices
for shells of revolution

IStructural stiffness
——————— and mass matrices for
up to 20 minutes

Results

SNASOR 11 DYNASOR 11 FAMSOR
Static Non- Dynamic Non- Frequencies and
1inear Analysisi___| linear Analysis{._.| Modes of Shells| .|
of Shells of of Shells of of Revolution
Revolution Revolution

Results Results Results



J-1.8

ENVIRONMENT

The DYNASOR II program runs under 0S/360 MFT or MVT and requires
220K of memory on an IBM S/360 computer. The system must also have a

card reader, printer, 3 9-track tape drives and 2314 disk storage.
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INTRODUCTION

The DYNASOR II (DYnamiz Nonlinear Analysis of Shells Of Revolution)
code has been developed to Jdetermine the tim2 varying respons2 o5f shells
of revolution to a variety of loading conditions. Th2 codls utiilizes
the stiffness and mass matrices created by the SAMMSOR code for selected
harmonics, generates generalized forces from a mechanical and tharmal
load history, and solves the resulting initial wvalue problen. This
report 1is a user's gJuide for th2 DYNASOR II code ani is divided into
four self-contained sections with an extendei appendix.

The first section describes the method of analysis used to obtain the
displacements, stresses, and stress resultaats for the desirei time
increments. The foraulation of the ejuations of motion is presanted
alony with the numerical technique 2mployed to obtain the solution these
equations.

A section is then presented to enumerate the limitations of tha code
and to provide ' valuable guidelines to ail the user in pearforxzing the
desired analyses. The limitations result partly £from th2 procedures
utilized in the method of analysis and partly from tha storage capacity
and programming procedures employed.

A description of the input data required by th2 DYNASOR II <coie is
presented in the third section. Exanpl2s are provided in instances
vhere the wording might, at first glance, appear to be wunclear or
insufficient, The limitations placed upon the input parametars are once
again enumerated.

The final section contains selected =2xample problems which are
designed to illustrate the wide variety of input variations allow=23i by
the code. A copy of tha input 3data rejuired for each 2f the casas is
presented along with selected values of the output data. A thorough
understanding of these example problems is mandatory if the user is to
become adept at operating the code.

The extended appendix which follows the main rzport should prove to
be extremely helpful if a thorough wuni2rstanding“of tha program is
desired. A description of the subroutines aand ths significant PFortran
variables 1is supported by the presence of the subroutine call map and a
flow chart of the basic oparations of the cole. The s2ctions describing
the restart capability and the specification of the loads should prove
invaluable to users who lesire to obtain o>ptimum performance froa the
code. A discussion of the program output 1is then followed by a
description of the changes necessary to modify th2 capacity of the code.
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SECTION I

METHOD OF ANALYSIS

Introduction

The purpose of this section is to provilas thaoretical documentation
of the equations and procedures employed in the DYNASOR II <code to
perform the DYnamic Nonlinear Analysis of Shells 0Of Revolution. The
matrix displacenment method of a stFuctural aaaTysis is utilized. Since
the documentation for the davelopmeat of the stiffness and mass matrices
has been adequately pra2santed in the SAMYSOR II user's manual,?! this
section will not attempt to duplicate the pravious presentation. The
dynamic eguations of motion are derived and th2 numarical technigues
utilized to effect the solution of these ejuiations are discussed.

Equations of Motion

The matrix displacement method is an en2r3gy formulation and, conse-
quently, the equations of =2guilibrium for tha2 nonlinear dynamic responsg
are obtained from Lagranga's equation:

n
& (3"1) Y w "’qi = 0 (1)
vhere
q? = generalized degree of freedom i 2f harmonic n
T = kinetic energy
U = internal energy (2)
Q? = gecneralized force for iegree of freedom i of harmonic a

)
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Since the internal en2rgy of a structure is a scalar quantity, the
expression for this Juantity may be separated into various parts. The
formulation used in this anialysis considers the intarnal ena2rgy as

= t t

vhere the superscript, t, denotes the inclusion of thermal effects and

UL= strain energy based upon linear strain displicemeat relations

Uy, = strain enerqgy iu2 to the inclusion of nonlinesar coantributions
NL ™ 3 : < -
in the strain displacema2nt relations

By substituting Eq. 3 into Eq. 1 and takiny the nonlinear strain
energy terms ¢to the right-hand side, the ejuations of motion for the
nonlinear dynamic analysis of shells of revolution can be writtan in
matrix form as

t

[M'1eq" + [K"Jeq") = Q" + Q1) - ULy + (3UNLy (4)
n n
3q 3q

The colunmn matrix,(Qn}, of pseudo linear thermal loads is avaluated
exactly fron {GUE/Bq"). it should be noted that Eg. U4 is valid for any
harmonic n with the couplinj betwesn the harmonics appearing oa the
right-hand side. In this formulation the nonlineir tecrms are treated as
pseudo generalized forces which are applied to the structure. The
obvious advantage of this formulation is thit a tramenlous savinys in
computer time can be realizad since the stiffness matrix does not change
as the displacements vary and must, therefore, ba calculatel only once.
Rith most other formulations for ge=ometric nonlinearities, the stiffness
matrix must be updatcd at each time step.

Strain Displacement Relations
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The DYNASOR II code utilizes the strain displacement eguations Jiven
by Novozhilov2 as restrictedl to sha2lls of revolution with th2 additional
assumption being made that the only important nonlinz2ar contributions
arise from rotations about the shell coordinate axes. The midsurface
strain expressions can then be written as

_ 2 12 2
€ T & * > €3

ce+la 2
e =e

so - %0 ¥ ©13%23

The changes in curvature are those used in linear theory

xp = =(1/r)(3ep3/38) - (1/r)sing eq5 (7)

xse = -(1/r)(se13/38) + (sing/r)eps- aé23/as

Pseudo Nonlinear Forces

The nonlinear terms in this analysis are treated in th2 same way as
the generalized forces due to external loading. The ga2neralized forces
due to the nonlinearitas are evaluated for each element and are then
combined at the nodes. A detailed presentation of th2 proczcejures
utilized in calculating th2 nonlinear forces has b2en mide in Ref.3 with
an overview of the same matarial b2ing proviied in Ref. 4.

The pseudo forcas are obtain2d by r2taininy strain energy terms
containing the rotations raised to the fourth poawar. The retention of
the fourth order terms has been shownS t> ba ibsolutely essantial in
cases where the nonlinear tarms are substantial. The results presented
in Ref. 6 for static shell analysis did not include the effects 2f the
.fourth order terms but rasults obtained after the incorporation of thesz
terms revealed once ajiin tha necessity of retaining these
contributions.
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The generalized forces due to nonlin2arities are s2valuated using
linear displacement functions in the variables u, v, and w and employing
strip integration over the length of the elenant. The integrals around
the circumference are eavaluated in closei form for the particular
harmonics chosen. This procedure is simpler than the one eaploy=2d 1in
Ref. 6 and permits the nonlinear forces to be eviluated without the use
of secondary storage on the computer. Da2tailed justification for this
simnplified procedure has bzen made in Ref. 3 so thesz arguments will
not be enumerated again. It will suffice t> note that due to the axact
evaluation of the integrals in th2 <circumfarential direction, it is
reasonable to expect rapid convergence as the number of harmonics is
increased. Examples have shown (Ref. 3) that the wuse of the strip
integration over the length of the element produces convergence quite
rapidly as the number of elzments is increased.

Thermal Ternms

The temperature 3istribution and the temperature gradients in the
nornal direction for an element are expanied in a Pourier seriss in a
wanner similar to that wused for the displacement funztions. The
temperatures and temperature gradients for an element are assuned
constant over each element in the meridional dirsction with step
variationns allowed 1in the circuaferential diraction. In cases where
the step variation ia the circumfer=2ntial direction is not considereil
accurate enough, the Fourier coafficients may be specified as input
information.

The linear and nonlinear contributions are separated with the linear
thernmal lcads for each harmonic being evaluated as

Ny
{Qt} = {;;-J (8)

Employing a coordinate transformation to change to partial 3derivatives
vith respect to the generalized shell coordinates, the problem reduces
to the evaluation of th2 partial derivativas of Ut with ra2spect to the
coefficients ®]» 92» -+ @8, Thase partial derivatives acre present2i in
Egs. 26 of Ref. 3, and the terms of(Qg} ire listed in the appeniix of
the same report.

The nonlinear thermal loads are treated in essentially the sane
manner as the generalizel forces due to nonlincarities are traated.
Utilizing the same approxiamations 1s for the nonlinzarities 3dua  to
applied forces, the expression for the nonlianecar thermil contribution is
given by Eq. 28 of Ref. 3.
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Stress Resultants

In this code, the stress resultants are determined by the use of the
assumed displacement functions and finite difference relations at the
pid-point of each elenent,

Por orthotropic shells the stress resultaants may be written as

, 3 —

—_— (

N, C, S o 0 0o 0 e, |
Ng vl G, 0 0 0 0 €
N, ) 0 0 6 0 0 0 €5

{ r = { [
M 0 0 0 D, vsgdy O Xs
Me 0 0 0 vGSDZ 02 0 Xq

| Mo | | o 0 0 0 0 6, X4

— . o
vhere

C] = Est/(]-vseves) C2 = Eet/(l—vseves)

Gy = Gt G, = Gt3/12 (10)

D. = E¢3

Dy = Egt/[12(1-vggvo )] Dy = Egt3/[12(1-v vy, )]

The shear resultants are determined approximately from thas equations



DYNASOR II J-1.15

october 1972

ofthe undeformed shell as

= l 3 + aMse - i
Qg = ¢ L (M) + 80 - Wysine]
N Y M ' |
Q =y L5 (M) + 8+ Mgsine] ()

Numerical Solution of Equations of Motion

Since a closed~-form solution of BEg. U4 is generally not available, a
numerical method must be used to determine the solution to the eguations
of motion. A finite difference procedure develop2i by Houbolt (Ref. 7)
has been selected for use in the DYNASOR II code.

The equations of wmotion, Eq. 4, can be reduced to a system of
equations of the form

[M1{g} + [K]{q} = {F(t,q)} (12)

The load matrix{F(t,q)} is equivalent to the right-hani side of Egq. 4.
The dinitial displacements and velocities of the nodes must be specified
and can be written as

L
1

0 . {q}o (]3)

9 {q}o

Utilizing the Houbolt procedure, the accelerations of the nodes of
the shell are approximatad by a third-order backwards diffarence
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expression

{ap} = -Q—by {2qp41 - 59, + 4a, 4 - q o} (14)

Substitution of Bq. 14 into BEj. 12 yields the followiny exprassion
which is utilized to solve for the displacemants at the 2nd of each time
step, except the first one:

(20M] + (a8)*[KD){pyq} = (88)*(F(taa) o)

(15)
+M](5q,-4qy_y¥a, o}

To determine the Jdisplacements at the enl of the first time step, the
folloving equation is employed

(61M] + (at)*[KD)taq} = (88) (F(0,q,)} (16)

2 .
+ [M){2(at) g, + 64ty + 6q,}

It should be noted that the selaction of the Houbolt procedurz for
inclusion in the code was made only after a2valuating the advantages and
disadvantages of a nunber of solution schenas (Ref. 3) . The Houbolt
procedure proved to be the only method zapable of providing stable
solutions for highly nonlin2ar problems while utilizing a reasonably
larg2 time incremeat. The significant observations made in Rz2f. 8
concerning Houbolt's procedure will now be presented.

It wvas found that double precision aritha=2tic 1is necessary if the
code 1is utilized for highly nonlinear problems on an IBM 36J/65 systen
(or comparable systzm). It is believed that if h2 DYNASOR II <col=2 is
used on computers which have a longer word len3gth than the 353/65 systen
(such as the CDC 6600) double precision arithmetic will not be
necessary. Utilizing the Houbolt scheme, 1t has been shown that the
solution converges a5 the number of elements 1s increased. Although the
Houbolt procedure has ba22n shouwn to he unconiitionally stable for the
linear problem, it has found that this is not the case with tio
nonlinear formulation. the danping inherent ia the Houbolt procedur:
vas noted in some instanc2s, but the savings in computer time resulting
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from employing this procedure far outweighs this slight drawback.
Solutions (without thhe dampinjy) were obtain2d, in soma instances, in
one-eighth (1/8) the amount of time required by othar procedures. In
all cases which were run, stable, undamped solutions ware obtained using
larger time increments than could be used with the othar methods.

Extrapolation of Porces

In order to employ Eq. 15, the loads at the end of the (n¢1)th tinme
step must be Xknown. These 1loads, because of the presence of the
nonlinear terms, are a function of the displacements t> be calculated
and therefore cannot be evaluated exactly. The right-hani side of Eq.
12 is, therefore, evaluat2d using a first-order Taylor's sescries expanded
about the n~th increment:

2
(F(taa)pad = (F(£,0),) + 52 (F(taq) 3t + 0(st) (17)

A second-order extrapolation pracess has been employed (Ref. 8), but
the results indicated that the linear extrapolation procedure was more
stable.



J-1.18 DYNASOR ITI

October 1972

SECTION II

USER GUIDELINES AND PROGRAY LIMITATIONS

Guidelines for th2 wuse of th2 DYNASOR II <code along with the
limitations placed upon the analysis are enumerated in this section.
Sone of these limitations are the result of the procejures uszl to
program the equations while other 1limitations are inherent in the
formulation of the eguations. Since most of the limitations are aminor
in nature, the DYNASOR II code 2ay be usel to solve a wide varisty of-
important shell dynamics probleas.

The maximum number of elements which the program may us2 is €ifty

{50) . The maximum number of harmonics which may be coupled for the.
analysis is five (5). It is believed that taese limitations will not
hinder the user 1in solving most problems. liswzver, siacs undsubtedly

sone users ¥ill vant to modify the program capacity, instructions for
increasing or decr=2asing the allowable number of elements and/ or
harmonics are provided in appendix 8.

In all analyses using the DYNASOR II code, the zeroth (0) harmonic
must be specified as one of the input harmonics.

The coefficients of thermal expansion are assumed to be constant in
the tvwo principal directions for any Jgiven element but a1y vary froa
element to element.

The number of nodal restraints must be less than or equal to the
maximum number of degrees of freedom for each harmonic (2204).

The displacements of the nodes may be calculated for as many as
twenty (20) angles around the circumnferenc2 >f the shell elemant,

While the displacements are calculated at every time increment, it is
necessiry to calculate the stresses only at time steps where a printout
of the stresses is desired. Th=2 stresses and stress rasultants are
calculated at the middle >f the elements (s-dicection) for up to twenty
(20) angles in the circumferential direction. The angles at which the
stresses are calculated are the sane as thos2 it which the displacensents
are determined. The stresses on both the inner and outer surfacas are
determined.

The units used in the pro>jras aust be coasistent with those wusel in
the SAMNSOR code. All calculations 1ina tho versions suppliesi to the
users of the code are given inch-pouands-secoals units,
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The program accepts th2 mechanizal and thermal 1load historiss by
accepting descriptions at discrzte points 1in tim2. The difference
betveen the times for which loads are specified must, in all cases, be
greater than the value of the time increment wused in solving the
egquations of motion. Th2 load variation curve is approximated by
assuming a linear variation of the generalized forces betwean the tinmes
at which the loads are spacified. It may therefore be necessacty to
specify the loads and temperatures at a fairly large number of points in
time if the loads vary rapidly with tinme.

If the loads and/ or taaperatura2s propagate in any direction (moving
loads), it wvwill also be necessary to specify the loads at a fairly large
number of points in tinme.

Pressure loadings, temperaturas, and temperature gJgradients are
assumed to be constant over the meridional length of the ela2m2nt but may
vary in the circumferential direction. The variation in the citcum-
ferential direction (except for shzar loadings) must be symmetric about
the meridian correspondiny to © = 0 degrees. These loadings may be
input either by specifyiny the values at a numbar of circumferantial
angles for each element or by specifying the valuass of the Fourier
coefficients for each harmonic.

If the program is not being restarted, the 1loads and temperatures
must be speciied at time I1 = 0.0. Times at which loads amust be
specified when restartiny the program are ndted in Appeniix 8.

One of the most important considerations in any dynamic analysis is
the selection of the time increment to be us2d in the analysis. Saveral
criteria have been deva2lopel for use in sa2lecting a time increment in
analyses utilizing finite difference technigues. Most of these «critria
require that the time incrament be less than the tice required for a
signal to travel at the speed of sound from 2ne differanca point to the
next. These <criteria have been found (r2f. 8) inalequate for use in
this analysis. A "feel" for the sz2lection of a time iancrement must be
obtained by the user. To facilitate the developnent of this #“feel" the
time increments utilized in a number of probleanas have been carefully
documented in Refs. 3 and 4. In addition, the input data for the
example problems should prove helpful.

A rastart capabilitty is incorporated in the cod2 to enable the user
to calculate the response from a specified point in time without having
to recalculate the response prior to this tim2. A most valuable use »of
this <capability arises if, after a2valuation of the results of a run, it
is decided to extend the <calculations t> observe aore cycles of
response, If it is desired to employ a different time incrament (e2ither
smaller or larger), the usa2r should refer t> the discussion in Appendix
5. Effective use of the restart capability can ra2sult in a sSubstantial
savings of <computer tinme. In jeneral, the information necessaty for
restarting the code should be placed on tape it least evary 100-400 tinme
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increments to insure that the information will be available if it is_
deenmed desirable to restart the program.

The pseudo 1loads due to the nonlinearities associated with the
initial displacents are neglected when calculating the response at the
end of the first time step. However, when rastarting the code, the
initial increment utilizes both th2 mechanical and pseudo forces.

An extended effort has baen male to check all aspects of the code.
Comparisons of the response obtained usiny DYNASOR II with the rasults
obtained by other rassearchers are presentel in Ref. 3 ani u, Thesecon-
parisons firmly establish the wvalidity of the code. Although the
programming logic and the formulation have baan thoroughly <checka2d to
insure the correctness of the code, the authors assume no responsibility
for the results obtained using the code. -
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SECTION IIIX

PROGRAM INPUT

The DYNASOR II code has been written so that the code can be employed
by researchers who are not familiar with the inn2r workings of the
program. Utilizing the guidelines and adhering to the limitations
presented in the previous section, it is believed that most users will
find it relatively easy to employ the code.

The code is available in the FORTRAN IV language using Jouble
precision or single prescision arithmeticz. This double precision
version requires a storage space of about 330K bytes o5n IBM 360/65
system while the single precision storage space is about 20)K bytes.
Efforts have been made to make this code conmpatible with a3 large nunmber
of computing systems., In particular, adaption of the code f>r us2 on a
CDC 6600 computer requires only minor changes.

The input data for a run consists of one card I (card types will be
explained on the following pages) follow2d by a complete set of data
(cards II-X) for each casa. The set of cards II-X is the input data
required to generate the response of a shell for a given number of
harmonics due to a particular loading. The cards conprising the data
deck for both an initial run and a restart are schematically represented
in Fig. 1. The cards specifying the Pourier harmonics, the initial
conditions, and the boundary conditions are ozitted from the input deck
when using the —restart =aode. If more than one zase is tos be run,
inclode a set of data for s2ach of the cases. There is no limit oa the
nunber of cases which may be included in a run, A card must be placed
at the end of the data for the final case.



ézL-t

INITIAL RUN RESTART
X. END @F CASE X. END @F CASE
Temperatures Temperatures
Pressures Pressures
Concentrated Loads Concentrated Loads
IX. Applied Loads IX. Applied Loads
VIII. Coeff. of Thermal Expansion VIII. Coeff. of Thermal Expansion
VII. Initial Conditions Cards IV. Circumferential Angle Cards
/___.w Nodal Restraint Cards o II1. Case Control Cards =|
/ 1

V. Fourier Harmonics Card II. Case Identification Cards

IV. Circumferential Angle Cards I. Run Contol Card

III. Case Control Cards

II. Case ldentification Cards

I. Run Control Card -

FIG. 1 CONSTITUTION OF DATA DECKS - INITIAL RUN AND RESTART MODES.
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I. RUN CONTROL CARD

, This card is used to identify the number of cases to be run and the
logical wunit numbers of the scratch tapes used in the run. (ONLY ONE
CARD I IS USED PER RUN.)

e e e e e et e e e e e e e - —— e e e e o e e e e — -
Card Type I Format (3I5)
Columns Variable Description
1-5 NCASES The number of differant data sets utilized
for this run.
6-10 ND Logical unit number of the scritch tape

onto which all the data is read at the
start of the run.

O O OW SO S B PO O SO D GO0 OO EDOOES SO SEOSSeCEPOEEN

11-15 NS Logical unit number 5f a sascond scratch tape
used by the progran.

[° G M ap S GED St Gun Bes S =S SRS As Gem S Gop Gpe s @)
e cne Snh Gom SEP des e ST Gy G G e = G cow Gwv abe e

—— ——— v — - s ——— ———— > S a——

ITI. CASE IDENTIPICATION CARDS

These cards allow the user to print out comments which identify the
problem being run. :
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A. Control Card (ONE CARD II-A PER DATA SET)

| - =
}] Card Type II-A Format (2I15) i
- - |
| l
| Columns Variable Description i
{ |
! 1-5 HCARDS Number of comment catrds (T'YPE II-B) which }
t follow. |
' D G 82 0 00 © 0O OO O O GO OV AP OT OO O SOV DS GO aOBOeOeNe l
l |
i 6-10 NT Logical unit number >f the tape (prepared ]
i by SAMMSOR) from which the stiffness and |
i mass matrices, element properties, and re- |
! start information, if needed, will be read. i
l ® 0 5O O OO T QON SV OO O SO EOCO SO D T SO P AN eSS e se e l
L 3

—— - - D o . . —————— ———— —

B. Identification Cards - The information punched on these cards is
printed as output and should identify the problem being run. Thes2
comments should not Juplicate thosa of the SANMMSOR case since the
SAMMSOR comments wvwill also appear as output. (IF NCARDS=0, OMNIT
CARDS II-B, OTHERWISE INCLUDE NCARDS OF TYPE II-B.)

Card Type II-B Pormat (20A4)

—— — — —

"~

Columns Variable Description

c

1
it s b —— b

1-80 COMENT Any desirel alphanumeric information may be
printed on these caris.

-----_q

M- gy s

7
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III.

A.

CASE CONTROL CARDS

Control Constants - Time parameters, restart information, and other
miscellaneous control constants are input on this card. (INCLUDE ONE
CARD III-A PER DATA SET.)

Card Type III-A Format (2F10.0,41I5)

F._——-—--——--—-———-—-—-—-uq—-—-ﬁ—-.—“q-ﬂq

Coluans Variable Description

1-10 TOTIME The maximum time (seconds) for which the
calculations are to be performned.

11-20 DELTE Time increment (seconds) used in solving
the eguations of motjion.,

21-25 IRSTRT Control constant which indicates if the so-
Jution is being restarted. If the solution
is being rasstarted s2t IRSIRT = 1. If not,
set IRSIRT = 0.

LA B L BN R I B B B B B B IR B B B R BB N B B BN BN B N BN BN BK B N B NE R BN N N WY

26-30 INCRST The number of the time increment at which
the solution is to be restarted. INCRST
must be an integer multiple of the value of
NPRNIT used in the pravious run. If IRSTRT =
0, set INCRST = 0.

31-35 NCLOSE For a closed shell (such as a spherical cap
or 1 hemisphere) vhere node 1 is at the apex,
set NCLOSE = 1. Radial and rotational re-
straints will then be applied for the zeroth
hacrmonic to aid the numerical stability of
the solution. If the shell does not fit tha
above description, sat NCLOSE = 0.

b s cpte P e G S G An e G o fe? Wed BMD GRS Epun P e e amsh IR SN GEED Gaf G Gast D U G G CED Sl Guns S NS gy St ol e o

36-40 ITELF If thermal loads are to be applied in the
projram, sat ITELF = 1. Otherwise, sat
ITELP = 0.
B. Print Control C(Card - The constants us2i to control th2 projran

output are punch2d on this carcd. (INZLUDE DHE CARD III-B PER DATA
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Card Type III-B Format (1015)

——--—--——-—-—*-—--———------m-—-—--—q-q

Columns

1-5

11-15

16-20

21-25

26-30

31-35

36-40

Variable

NPRNTQ

IPRINT

NCLCST

NSTRSS

NPRNT

NPRNIT

NPRNTL

NPRNTPF

Description

If the displacements are to be printed, set
NPRNTQ = 1. If not, set NPRNTQ = 0.

If NPRNTQ = 1, the displacenents will be
printed every IPRINT time increments beginaing
with the first time step. If NPRNTQ = 0,

set IPRINT = 0.

9 @ O 5 20 9O &0 O 0 OO0 OO 9 S S E 0SS 0SS 0E e OO S sese e

If the stresses anl stress resultants are to
be calculated, set NTZLCTST = 1. If not,
set NCLZST = 0.

{"-‘——'?"'__——-_—_-'-“

If NCLCST = 1, the stress and stress resultaats
will be calculated and printed =2very NSTRSS
time increments begyinning with the first stap.
If NCLCST = 0, set NSTRSS = 0.

S 0 S 0OP O T OO N 0T GD0E ST EONBES O Pee TN S SO e e

If restart information is to ba placed on
tape, set NPRNT = 1. If not, sat HPRNT = 0.

If NPRNT = 1, the restart information will be
vrcitten on the output tape every NPRNIT time
increments, If NPRNT = 0, set NPRNIT = 0.

It is sugjested that relatively large values of|
NPRNIT be used, say 200, 400,etc., if the total]
nunber 2f time steps is ralatively larcge.

B O OO N0 ETOVCEOCIOO PO ONO PSSO GRS IAaNsSeaen

|
1
|
]
!
I
!
|
|
1
]
!
|
[)
!
I
!

If a printout of tha2 applied loads is desired,
set NPRNTL = 1. Otherwvise, set NPRNTL = 0.

If 2 printout of the generalizel forcas is
desired, set NPRNTF = 1. Otherwise, set
NPRNTF = 0.

® O 0O N VS S OOOS P A CO ST e SO S0P SNBSS

et o — S gt M iy W it o—
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41-45 NPRNTH If the Pourier coefficients for the temperature]
and temperature gradient are to be printad, set]
NPRNTH = 1, Otherwiss, set NPRNTH = 0.

46-50 NPRNHMS If the mass and stiffaness matrices are to be
printed, sat NPRNMS = 1. If not, set
NPRNMS = 0.

®S®oe® s0a owa 2O B O WO O N ® S OO ED S EAS S e S e

> Gun IS gups GHE e Gun Gun u SES
Us o gan NS e BEE S e
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IV. CIRCUMFERENTIAL ANGLE CARDS

The circumferential angles at which the displacements and stresses
are to be calculated are read from these caris.

A. Control Card - (JINE CARD IV-A PER DATA SET.)

-t ———

Card Type IV-A Format (IS)

I.
Columns Variablh Description

1-5 NTHETA The number if circumferential anglas at which
the displacements ani possibly stresses are
to be calculated. (1 <€ NTHETA < 20)

® O OO OO T OO PGS TS GOSN 0E NS PES SO SN

p----—-q-—q

B. Circumferential Angles - (INCLUDE 1-3 CARDS 1IV-B PER DATA SET
DEPENDING UPON THE VALUE OF NTHETA.)

Card Type IV-B Pormat (8F10.0)

|
f
|
i
|
|
|
§
|
!
l

s e S - Gp | ot P g =l

Columns Variable Description

1-10 THETA (1) Circumferential angles at wvhich the displace-
ments and passible stresses will be calculated.

11-20 THETA (2) (If it is desired to calculate the displace-
" ments only along the line = 0, then include

" " one card IV-B and sat THETA (1) = 0.0)

n THETA (NTHETA)

®®OS PN SN OSSO DO OS OO S OEU OV OO CPOES S Sacn s

P-———-—-—--q-—q
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Y. FOURIER HABMONICS CARD

This <card proviles tha number of Fourier cosine harmonics to be
imployed for this analysis and enumarates the specific harmonics to be
used. (IF IRSTRT = 1, OMIT CABD V. OTHERWISE, INCLUDE ONE CARD V PER
DATA SET.)

harmonics has been created and storei on tape
by the SAMMSOR code.

r -
{ Card Type V Format (6I5) |
b - -———=i
i |
i Columns Variable Description |
| ]
i 1-5 NH The total number of Pourier cosines harmonics |
] to be utilized in this analysis (1 € NH <€ 5). |
' OO OO S S0 OO DO S0 O OSSO N UV DO S OO S OO OIS '
| l
i 6-10 IHARM (1) specific harmonics nuabers to ba imployed. NH |
| 11-15 IHARM (2) values must be given and the zero harmonic |
i 16-20 IHARM (3) must alvays be specified 1s one of the input |
| 21-25 IHARM (4) harmonic numbers, The user should check to be |
| 26-30 IHARM (5) certain that the information for =2ach of these |
| l
| l
| |
L ) |

Example: Consider a case wher2 it is desired to utilize harmonics 0, 2,
3, and 4. The 1input data €£for card Vv would then wutilize the
following values:

NH

"
&

IHARM(1) =0 NOTE: IHABM (1) should alwvays
be set egual to zero.

IHARM(2) = 2
IAARM(3) = 3
IHARM (4) = &

Columns 26-30 corresponding to THARM(S) should be left blank for
this example since only four harmonics are being run,
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VYI. NODAL RESTRAINT CARDS (Boundary Conditions)

The displacement constraints applied to the shell are described
utilizing thes cards. {IF IRSTRT = 1, OMIT ZARBDS VI-A AND VI-B.)

A. Control Card - (ONE CARD VI-A PER DATA SET, UNLESS IRSTRT = 1.)

—— e — -———

Card Type VI-A Pormat (IS)

]

Columns Variable Description

1-5 NODRES Total number of displacement constraints to
be applied to the shell (0 < NODRES < 204)

® 9 OV OO GBS DO T O COEE TN e OO e EOSEPIOR NS

T e e e e s s ol wmes o

|

[
t
{

|

|

|

{

|
-

——

|
g
i
|

B. Boundary Conditions - (THE NUMBER OF CARDS OF TYPE VI-B MUST EQUAL
NODRES, UNLESS IRSTRT = 1. IF NODRES = J, COMIT CARDS VI-B.)

Card Type VI-B Pormat (2I5)

Columns Variable Description

1-5 NP Number of the node where the restraint is to
be applied.

6-10 NDIRCT Key used to indicate the degree of freedon
vhich is restrained.

NDIRCT = 1 applies axial restraint

NDIRCT = 2 applies circumferential restraijant
NDIRCT = 3 applies radial restraint

NDIRCT = 4 applies rotational restraint

—— VS G — D G VIV ey S G e s S —-~L — ad

S B
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VII. INITIAL CONDITIONS CARDS

The initial velocities and displacements >f th2 nodes are specifies
“on these cards. (IF IRSTRT = 1, OMIT CARDS vII-Z, VII-B, AND VII-C.)

A. Control Card - Utilization of this control card greatly siuoplifies

: the specification of tha initial conditions if either the ini.ial
velocities or th2 initial displacements, or both, are eguil tc zero.
(ONE CARD VII-A PER DATA SET)

L - — ——— - -3
| Card Type VII-A Format (2I5) |
t — - - - i
] |
i Columns Variable Description i
I !
i 1-5 IQN If the initial velocities at all the nodes )
} are zero, szt IQN = 0. If not, sat IQN = 1, i
' L A B I B B BN BN IR B LA I R N A A A A A A 2 LA I A A B IR B I BRI '
| : ]
} 6-10 ION1 If the initial displaceaents ar all the nodes |
| are zero, set IQN! = 0. If not, set IQNT1 = 1. |
l ® % OO ¢ OO O OT O O OO O OH SO SN DTS ORGP OO S NE OSSOSO l
B e e e o o e e A i - 08 S S e e e o e e W e - S |
B. Iai: "~1 Velocities - The initial nodal velocities must be specified

for eac“ node of the shell for 2ach harmonic to be run. The ‘'egic
used to input the nodal velocities is essentially the same 3s the
procedure used t. spa2cif; the element properties in the SAMIISOR
code. The initial wva2locities for each of the nodes are |, 2cifies
for the first of the inout harmonics, then for the sezond input
harmonic, etc. This process is repeated until the nodjal valocities
for the first of the input harmonics, then for the second input
harmonic, etc. This process in repeated until the noldal va2.ociti-s
for each ha~monic nave been specified. (IF IQN = 0, OMIT CARD:
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VII-B.)

Card Type VII-B Pormat (215, 4F10.0)

- e el ———1

P-“------——-———-u—--quq

Columns Variable Description

1-5 IN1 FPirst node to which the velocities specifies
on this card are applied.

6-10 IN2 Last node to which the velocities specifiel
on this card are applied.

® 0 00 a0eP OO0 T OO0 T a0 PP OO PEeTaASSOO sSSP STST OO

11-20 q Initial nodal velocity in the axial direction
1 for a particular harmonic.

21-30 é Initial nodal velocity in the circumferential
2 direction for a particular haradnic.

31-40 é Initial nodal velocity in the radial direction
3 for a particular harasonic.

41-50 q Initial nodal rotatiocnal velocity in the meri-
4 dional dirasction for a particular harmonic.

G e S e Gt GEE T s G M G S M TED G T G G WS Geup S G gy GRS s e SR SAD s

(g
.

Initial Displacements - In identically the same manner as is
utilized for the initial velocities, the initial displacements are
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specified for each harmonmic. (IP IQN1 = 0,

J-1.33  pYNASOR II

OMIT CARDS VII-C)

r —_— —— e t
{ Card Type VII-C PFormat (2I5, 4F10.0) |
= ——e - -
| |
! Columns Variable Description |
| |
| 1-5 IN1 Pirst node to vhich the displacenrsnts specified]
[ on this card are applied. I
. ® O 9O AN OO OSSO POE SO RS S OO RSO0 e T EPe NS SRR '
| |
| 6-10 IN2 Last node to which the displacem2nts specified |
| on this card are applied. i
' 5 O 0 O OO OO DO W OU ST OD OO O VDN T OED DSOS PG OIS OSSeSE l
{ ]
i 11-20 q Initial nodal displacement in tne axial direc- |
[ 1 tion for a particular harmonic. )
I @B OB OB OG0 G0 SO O AS O EH O OO OO O O SO SO s TOBSeRSN '
{ |
i 21-30 q Initial nodal displacement in tne circuaferen- |
{ 2 tial direction for a particular harmonic. i
l ® O OO OO S 0 VOGS OO0 S OPSS T DO OO OO OON IR SO SSGeSe l
| |
| 31-40 q Initial nodal displacement in the radial !
l 3 direction for a particular harmonicz. |
‘ P O H O 6 OO O OOG O O OO GO DN T OSSOSO O SaO OO NS S en '
| }
i 841-50 q Initial nodal rotation in the meridional {
| 4 direction for a particular harmoaic. |
' ® % 08 © 068 8600 GO OGO 0P PO OO0 P E e SeLePSSSOSPOee l
[
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VYIII. COEFFICIENTS JDF THERMAL EXPANSION

If the thermal effects are to be included in the analysis, the
coefficients of thermal expansion must be specified using these cards.
These coefficients are assumad to be constant for a given element but
may vary from element to element. These coefficients are read in the
same manner as the element properties in th2 SAMMSOR code. (THE NUMBER
OF CARDS VIII MUST BE < NELEMS FOR ANY GIVEN DATA SET. IF ITELF = 0O,
OMIT CARDS VIII.)

Card Type VIII Pormat (215, 2F10.0)

Columns Variable Description

1-5 IELM1 Number 2f the first element to which tke
properties on this card apply.

- 0O Oh 60 0 G006 OO D B O TH OO SO P OO OO E S OSSO eSS VeSS

6-10 IELM2 Nunber 2f the last element to which the
properties on this card apply.

® P OC DV OO OPOT POC DDA IS OO TSR ES OB SESSeRS

11-20 ALSI Coefficient of thermil expansion in the
meridional direction (in/in/deg).

® 0 PO G PO O OON O VOO OT OO T PS OO TA NSO GNOBAPene e

21-30 ALTI1 Coefficient of thermal expansion in the
circunferential direction (in/in/deg).

P—_u——---—--~——-qp_q
> et e T Gne coer Gmn Sub NS e GED SOE GNE MES e SN0 Gt gue Fun ol e o
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IX. APPLIED LOADS, TEMPERATURES, AND TEMPERATURE GRADIENTS

Since the concentrated nodal loads, distributed pressures, tempera-
tures, and temperature gradients may vary in time; it may be necassary
to specify these 1loads at a numbar of poiants in tiam=z. If these loads
and temperatures are input at tinmes T1; and 1‘1,i 1 the program will
calculate generalized forces duz to thesa loaﬁs at each 2f the input
times. A linear variation >f the generalized forces is then assumed
betveed the times the loads are input. As soon as the value of the tinme
reaches T1j;4], a2 nev set of loads is read in at T1j+2 and thz process of
calculating the generalized forces is repeated. The time incrament,
DELTE (CARD ITII-A), used in the solution of the ejuations of motion nmust
be less than the difference betwean any too >f the times at which the
loads are specifiel. If the loads and/or temperatures propagate in and
direction (moving loads), it is advisable to specify tha loads at more
tizes than is necessary if they vary in intensity only.

Ring 1loads can be applied at the nodes and must be input for each of
the harmonics. The rinjy loads utilize the same sign convention employeld
for the shell nodal displacanments.

The pressure loadings, temperatures and temperature gradients are
assumed constant over the maridional length of the 2lzment but varia-
tions in the circumferential direction are allowed. Tha2sz loadings nmay
be input in one of two ways. Either the Fourier coefficients zan be
specified for each harmonic or the values of ths loads may be specified
at a naumber of circumferential angles around the shell elemants.
Dtilizing this second procedur2 a step function variation is assumed 1in
tne circumferential direction. That is, the 1load is assumed constant
from 0; to Oj4y¥ith the valus of the loads being equal to those specified
at 0;. Sign conventions for the pressure loading are given in Figure 2.

A control card (Card Typ2 IX-A) containing several key variables is
used to gquide the reading of the loading conditions. Proper selection
of the values of these kay variables results in a highly efficient
procedure for specifying a wide variety of loading conditions. The key
vords and their meanings ars explained in Figure 3.

Before attenptingy to input loads to the cd>de the user is advised to
study the gquidelines presented in Section II, the exampla problens of
Section II, and Appendix 6 which presents a thorough discussion of the
various procedures necessary for specifying the loads.

A. Load Control Card

This <control <card is utilized to direct the input of the loads for a
given time. This card indicates the presenz2 or aibsence of concentrated
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{a) Membrane force resultants (b) Tronsverse force resultants

o
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(c¢) Moment resultants (d) Loads per unit area

FIG 2 POSITIVE DIRECTION OF FORGCES, MOMENTS,
AND LOADS ON SHELL SEGMENT
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TIME = T
=0
NCF l
No Concentrated
.1 Ring Loadings
at Time Ti,

SPECIFY CONCENTRATED
RING LOADING

Card Types IX-B

=0
No Distributed Loads
at Time T4
SPECIFY FOURIER SPECIFY DISTRIBUTED
COEFFICIENTS FOR LOADS AT VARIOUS
DISTRIBUTED LOADS CIRCUMFERENTIAL ANGLES
Card Types IX-C-2 Card Types IX-C-i

=0
No Thermal Loads
at Time T4,
SPECIFY FOURIER SPECIFY TEMPERATURE
COEFFICIENTS FOR AND TEMPERATURE
TEMPERATURES AND GRADIENTS AT VARIOUS
TEMPERATURE GRADIENTS CIRCUMFERENTIAL ANGLES
Cord Types IX-D-2 Card Types IX-D-1

Specify Loods
of Time Ti;,,

Fig. 3 LOAD SPECIFICATION AT TIME Tli
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forces and distributed pressure loalings and indicates the procedurs to
be utilized for creating the generalized tharmal forces. (JNE CARD IX-A
IS NECESSARY POR EACH TIME AT WHICH THE LOADS ARE BEING INPUT.)

Card Type IX-A Pormat (F10.0, 4IS, A8)

Colunns Variable Description

1-10 T1 The time for which the loads are being
input (sec).

)

11-15 RCP If concentrated riny loads are appliei to
the structure at tiae TV, set NCF = 1. If
not, set NCFP = 0.

OO 00 90 C 0GOS SO GO OGO 00 P OB sGAEasSIOTIEDPE 00

— G G G Gue S ams GED AP an cns G oin e of

A

16-20 IDELF If distcibuted loads are to be applied to
the shell at time 1, set IDELF = 1. If
not, set IDELP = 0.

21-25 IDCOE If the Pourier cosine coefficients for the
distributed loadings are to be read in at time
T1, set IDCOE = 1. If not, set IDCOE = 0,

26-30 ITCOE If the Pourier cosine coefficients for tha
teaperatures and temperature gradients are to
be read in at time T'1, set ITCOE = 1. 1If
not, set IICOE = 0.

31-38 CONSTP If the applied loads, temperatur=as and temp-
erature gralients ar2 constant fcom time, T1,
to the final time, TITIME (CARD III-A), punch
the word CONSTANT ia columns 31-38. 1If these
parapeters are not constant, lsave columns
31-38 blank.

@ 0 00O 0SSO VOB OO0 AD OIS BP0 BACOOES OSSP ESOSE
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B. Concentrated Rinjy Loads

The concentrated riny 1loids must be specified for each harmonic. (IF
NCF = 0, OMIT CARDS IX-B.)

1. Control Card - This card indicates the presance or absence of
concentrated riny loads for a particular hacrmonic. (ONE CARD IX-B-1
FOR EACH HARMONIC.)

- — e o e et i e . e . s o o S s T -———-—

Card Type IX-B-1 PFormat (IS)

Columns Variable Description
1-5 NCP1 If there are concentrated ring loads for this
particular harmonic, set NCFP1 = 1. If not,

set NCPF1 = Q.

® S OO 00D OO0 S O U O OO R ST OO0 T SO T O eSSBS
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2.Concentrated Ring Loads -~ FPor harmonics having ring loads associated
vith them, the loads are specified using these cards. (IF NCF1 = 0,
OMIT CARDS IX-B-2 FOR THE HARMONIC BEING CONSIDERED.) ONE OR MORE
CARDS 1IX-B-2 MAY BE USED, BUT NEVER UTILIZE MORE THAN 51 PER
HARMONIC.

- - == =™

‘Ccard Type IX-B-2 Format (215, 4F10.0)

8

|

4 - — -1
| |
i Columns Variabla Description i
| 1
| 1-5 In Picrst node to which this loading applies. i
' ® 0 ® & OO0 BSOS eSO eSO eSO N OO YOeSee e 00 l
l ‘ |
| 6-10 IN2 Last node to which this loading applies. ]
' ® 9 O % DO U B G OO S O S ON G OO O e T O S S Y SO SOOE S PEeY Ve L
| |
| 11-20 F1 Axial ring load applied at a asde (lb).* |
l - 0 ® U © OB G GO O P O PE DO S S OO OSSN SO S e SO e '
] !
} 21-30 F2 Circumferantial ring load applied at a ]
| node (lb).¥ |
l - % 00 B OO0 0 5005 VS @ OO S8 VO SO OSSO OO T OO e B OO SN l
| |
| 31-40 F3 Radial ring load applied at a noda (lb).* 1
' 5O 50 O 080 O8O0 O 9O OSSO0 P S PO H OGPPSO OH O eSS e e I
i |
} 41-50 Py Concentrated moment applied at a node (in-1lb).¥|
| o

-
e 4 S et Gy W GRS TR S S L . G G S S S B WA WD W WD AR G0 G WS WA S e SR S W S S Gm) S WS S G A S A TS T e = M Sy G e e W) G W A D TR e v e T G g W A e O S A

Examples: The use of cards IX-B should becozse clear after consiiering
the following examples:

1. Consider the <case whare a unifora tensile ring loading of 100
psi is being appliel in th2 axial direction to the first nole of
a cylinder. The solution for this problem has been presantz23 in
Pigure 20 of Reference 31 The thickness of the cylinder 1is 0.1

- A e . -——— . - - - -
~

*¥ The total value of the ring load for each harmonic is input, not the
load per unit length of zircumfer2nce. For complicated ring loads the
value of the load input fonr each harmonic i3 obtiined by intergrating
the product of the load and thz correspanling displacemeant function
around the circumference.
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inches with the radius being given as 6 inches. Consider that
harmonics 0 and 2 are being run. Th2 total ring 1l2ad for the
zero harmoniz will be (100) x 24(6) x (0.1) = 376.9 1lb.

Five cards of type IX are rsguired to input these loads assuming
they are constant from time T1 = 0.0 to TOTIME and assuming 50 elaments
are used to idealize the structure.

CARD VARIABLE VALUES
IX-A Tt = 0.0 NCFP = 1 IDELF = IDCOE = ITCOE = 0
1X-B NCFP1 = 1 (HARMONIC 0)
IX-C IN1=1 IN1=1 F1 = -376.9 F2 = F3 = F4 = 0
IX-C INt = 2 IN1 = 51 Pl = F2 = P3 = P4 = 0
IX-B NCF2 = 0 (HARMONIC 2)
2. The second example considers a radial ring load of P cos0

applied to a cylinder of radius r.

Pecforming the integration, one obtains the radial ring 1load for
harmonic 1 as

2n
F3 =7 (F coso)rcosedo
0

=qrfF

The Fourier coefficia2nts for the other harmonics are za2ro.
C. Distributed Loads - (IP IDELPF = 0, OMIT CZARDS IX-C)

The distributed 1loadings may be input in one of two ways: the Pourier
coefficients may be read in for each harmonic or the 1loadings may be
specified at a decsir2d nuaber of circumferantial angles { € 37). If the
second option 1is used, tha2 Fourier coefficieants will then be genarateg
internally. The wuser should note that it 1is possible to input
distributed loads in only one of two ways.
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1. Distributed Loads - {Input at various circumferential anjles)
Since the choice of th2 displacement functions utilized in this
analysis necessitate the presence 2f loads symmetric about the
meridian 0= 0, it 1is necessary to> specify the distributed
loadings for angles from 0? --> 180°. The code then assunes
that the distribution from 180° =--> 360° is th2 mirror image of
the input distribution. (IF IDCOE = 1, OMIT CARDS IX-C-1)

L' Control Card - Utilize this card to indicate the number of
angles for which the loads will be specified.

Card Type IX-C-1-a Format (3I5)

Columns Variablea Description

1-5 IBPLM1 First element to be 1istributeil
loading applies.

L B B B B I B B B B R B B B AU 2K BF I BN BE R A B 2 B L B0 BE B L B 20 B 2 B BN BB U BN N ]

6-10 IELN2 Last element to which this distributed
loading applies.

® PO G 0 QPO G OOV OO NSO NS OSSO sSeS PSSO BTOS TSSO

11-15 NDP Namber of circumferential angl2s at which the
distributed loads acre to be specified
(1<8DP<37). If the loadings are constant in
the ciccumferential direction set NDP = 1.

® 0 0O G O E DB OO T TS ONON TS 0ES S SN EEN S eBaeNOEeSS

P-—-‘-—-'—-_‘-‘-HP—-'-!

A s B e W mmn GUR G as e D SR G GED WD Sy e D ame wes
v .

—— - ————— ——— - —— - - G - s ey T S o —— —— - ———

a

b. Distributed Loads at Specified Angl2s* This card specifies the
angle at which the 1loads are being input and provides the
values of tha 1loads at that angle. (INCLUDE NDP CARDS OF

- e D A - - T . on an . - -

* The first loading aust always be given for @ = 3%, The next 1loadin3
is given at the angle whare the load chanje2s in value. If the 1load is
constant with respect to 0, only on2 card will be necessary to input the
load. Do not input vilues for the loads at 0 = 180° since the 1loail at
that angle will be =2qual in all cases to th2 load input at the pravious
value of THETAB.
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TYPE IX~-C-1~-b POR EACH CARD IX-C-1-a.)

direction (psi).

DG OO WO P EEE O OD O YYD CECEn S TS SO O PSS eSO B eSS

- _—
] Card Type IX-C-1-b Pormat (4F10.0) |
| 5 - - - - - |
i |
{ Columns Variable Description l
! |
| 1-10 THETB Circumferential angle (degrees) for which this |
{ data is given. |
l ® ® OO O 6 00 60O 0® P OSSO0 S0 0T B OO BCS VS ODH OHN B OO sean '
{ {
1 11-20 p Distributed load in the meridional }
[ direction (psi). ]
l * B OSSO OO HOES OSSO OO AT SN OO OO OE SN S S0 asasee l
{ !
i 21-30 R Distributed load in the normal direction (psi).l|
l ®® QO OO0 COOO G DO SO OE ST O8O GO0 Oe e Sew O el l
| |
i 31-40 S Distributed load in the circumferzsntial |
| |
I !
4L

—————— o e e e e et e e e 3

2.

Exanple: Consider the normal prassure distribution o5n an
element depicted in Figure 4., To input the pressure on this
elenent regjuires specification of the pressura2s for four values
of 0.

THETB R({I)

0.0 -Q1

30.0 -Q2

90.0 -Q3

2.0 0.0
Distributed Loads - (Fouriesr Coefficients) The Fourier coeffi-

cients for the 3distributed loads mey bo specified using these
cards. The cocfficients must be specified (evan though they may
be zero) for each harmonic being employed ia the anilysis. Tha
coefficients arec specifiel for each harmonic of the first gyroup
of elenents, then for each harwmonic 2f the second gjroup, etc.
until the values have bzen input for all the elaments. (IF
IDCOE = 0, OMIT CARDS IX-C-2)



J-1.44

WEoinc -y
Q=0
85=90°
3 QI
94-’-”20
e] =300 t 6 -0°
2 H | =0
4 o

A R
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DISTRIBUTED LOADS APPLIED TO A
TYPICAL ELEMENT
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a« Control Card

Card Type IX-C-2-a Format (2I5)

Columns Variable Descriptioan
1-5 IELA1 First element to which these loads apply.
6-10 IELM2 Last element to which these loads apply.

b. PFourier Coefficients - (NH CARDS OF TYPE IX-C-2-b POR EACH
CARD IX-C-2-a.)

Card Type IX-C-2-b Format (3F10.0)

Coluans Variable Description

1-10 | 4 FPourier coefficient of the distributed load
in the meridional diraction for a particularc
harmonic (psi).

11-20 R Fourier cosefficient of the distributed 1load
in the normal directioan for a particular
harmonic (psi).

21-30 S Pourier coefficient of the distributed load
in the circunferential 3direction for a parcti-
cular harmonic (psi).

pb_;——--—-_—_—-—-qnhnq

—— —— —— —— . . . s G S G T — T — S — — —— —— —— " —— —

D. Temperature Distribution and Gradients

Essentially the saee 1logic is employed for inputting the tenperatures
and gradients that was used for tha specification of the distributeg
loads. The explanation of this procedur2 shoull therefosore not nead be
repeated.
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The tenmperatures are specified for the midsurface of the shell. The
temperature gradients (through the thickness) are consider=2d4 positive if
the temperature for the outar surface is greated than the tz2mperature on
the inner surface. (IP ITELF = 0, OMIT CARD3 IX-D.)

1. Tenperature Distribution and Gradieats - (Input at various
circumferential angles)

Again, the requirement of symmetry about the meridian 8 = )3, wmakes it
necessary to specify the temperature distribution and thermal gradients
only from 0° --> 180°, The temperature distcibution and gradients are
input on the same <cards for the various angles. (IF ITCJOE = 1, ONIT
CARDS IX-D-1.)

a. Control Zard - oUtilize this card to indicate th2 numbew of
angles for which the temperature and gradients wiil be

specified.
r - - e e e — e 1
§ Card Type IX-D-1-a PFormat (3I5) |
t e e e e e i
l |
i Columns Variable Description |
| ]
] 1-5 IELM First elzment to which this 3data applies. 1
' ® ® 9 O @0 % 00 5 OGO 55O QO 0O O E G O eSS S0 e B OO PTEe e P e I
| |
{ 6-10 IELM2 Last element to which this jata applies. !
I ® @ 8 © B O & 0O D PO O W OO SO OO OO GO N e Ae O ESEe eSS O e l
l . ]
i 11-15 NDP Number of circumferential anjles a3t which tha |
i temperature distribution and gradient are to |
{ BE SPECIFIED (1 <€ NDP <€ 37). 1If the tenmperature |
{ is constant in the circuaferential direction, |
} set NDP = 1. ]
‘ ’ ® ® % O W 0 5 088 D B O O UV HO SO OO0 B S e T GO 6 OO Os O e e e '
(% ;|

—— T ——— > ol G A S o WS G S e, r—— . — " — —

b. Temperatura and Temperature Gradient at Specified Anglas -

This card specifies the angle at which the t2mparature and temparature.
gradient (through th2 thickness) i1s being input and provides the value
of the temperature at that angle. (INCLUDE NDP? CARDS OJF TYPE IX-D-1Db
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POR EACH CARD IX-D-1-a.)

— - - —— ——— - - -—— )
§ Card Type IX-D-1-b PFormat (3F10.0) i
g - -— §
| |
| Columns Variable Description |
i |
i 1-10 THETB Circunferential angle for which this tempera- ]
| ture and gradient are given. |
l ® 0 0O 0D OO P BT O O OU O O VO NS OO O ST OSSR SE® QS '
i i
| 11-20 p Distributed temperatur2 at @ = THEIB (°P). |
' ® QOO GO DED O T OT O P OO VD OOD S OOV OSSOSO O SO 9O SO '
{ |
} 21-30 B Temperature gradient {through th2 thickness) ]
{ at o = THETB (°F/in). }
l ® O e 0SS o OO TS9O D OO0 OO OO TH OO0 OE PGS e 9SO '
L o 3

—— - ————— — — ——— — —— ——— v~ o - -

2. Tenmperature Distribution and Gradient - (Fouriar Coefficients)

If the user so desires, the Fourier coefficients for the texperature
distribution and gradient may be specified for each 2f the haraonics
being used. Again, the coefficients are specified for all harmonizs for
the first group of elements, then for the sacond group, 2tc., until all
the elz2ment coefficiants have been input. (IP ITCOE = 0, OMIT CARDS
IX-D-2)

a. Control Card

L

} Card Type IX-D-2-a Format (2I5) |
e e e e S e {
! , !
] Columns Variable Description i
l }
l 1-5 IELM1 Pirst element to which these properties apply. |
' ® " TS SO0 0D PO PO O S S SO NSO S PSSP eSS O Sese l
i . ]
| 6-10 IELM2 Last element to which these properties apply. ]
] |
L

b. Fourier Coefficients - (NH CARDS OP TYPE IX-D-2-b FOR EACH
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CARD IX-D-2-a.)

Card Type IX-D-2-b Pormat (2F10.0)

Columns Variable Description

1-10 TH1 Pourier coefficient of the temperature distri-
’ bution (°F) for a particular haraonic.

O 0O B OO 9 A0S P TP O OO YT TOE DN O CESOESE O VNEBEee eSS

11-20 DTH1 Pouriar coefficient of the teapsratur2 graldiant
(°F/in) for a particular harmonic.

S QO™ D OO PO DO SON ST OO OCET GO TS VOOV EOOPOCSSR O

(O aln SIe sun G GRS Bup SRS AN GRS SRS Spe ame oy
e s G fy TP D G S P ey G NS ave o

X. FINAL DATA CARD FOR A CASE

Place this card after the last card IX of each data set. This

signifies the end of the input data for a case. (ONE CARD X PER DATA
SET.)

Card Type X

r
l l
b - ——————————————— ]
| H
i Columns Punch |
H |
i 1-11 END OF CASE |
' ® 8 O 98 9 O 0 O O P OW OB OO GO OO0 O SO0V SO OE QeSS e e e l
1 — —— —— — o ——— o — — S — o . e S S T o T S — 4 - A - J |

XI. FINAL DATA CARD POR A RUN

This card must be placed after the card X of the last case to be rune.
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It denotes the end of the input data for a ran. (ONE CARD XI PER ROUN)

Card Type IXI

Coluans Punch

1-10 END OF RUN

P---ﬂ-ﬂ

o s BN s R e b can of

- - ———  —— ——— ——— - oo =
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SECTION IV

BEXAMPLE PROBLENMS

The example problams which follow were <chosen to Jemonstrate the
versatility of the code and to further acquaint the users with the
procedures for inputting th= data to the =c=ole. Tha Jdata presanted
herein 1is typical for the problems solved by the code and demonstrates
many of the input procedures.

Since tha most complex portion of the input data is the specification
of the loading conditions, a variety of 1loadings are 1Jlenonstrated.
Response curves are present2d so th2 user 1ay check his output with thhe
previously obtained curves. The first two 2xample problens utilize the
shells described in example problems 1 and 2 of the SAMMSOR user's Juide
(Ref. 1) while the third exampls problem demonstrates the two procelures
for specifying distributed pressure loadings.

Example Problem 1

The first example problem was chosen to Jdamonstrate the procedure for
inputting a concentrated ring 1load and to demonstrate the progranm's
capability to solve highly nonlinear probleas. For the forty pouni load
applied in this problem, th2 static solution shows that the nonlinear
displacement is more than four times as lar32 as the linear solution.

The shell to which tha load is applied is the shallow spherical cap
(A=6) utilized in the first example problenm in the SAMMSOR user's juide.
The edges of the shell are assuned to be claaped. Since th2 loadiny is
symmetric, the displacements and stresses will be calculated only along
the line o = 0. Only the respons2 for the gzeroth harnonic will be

determined. A set of input data for this case is presented in Figure 5
with the displacement response of the apex of the shell being presanted
in Pigure 6. This response curve shoull allow the usa2r to check his

version of the code.

Example Problem 2

The shell described in the s2cond exampl2 problem in the SAMNHNSOR
user's guide is now subjected to a 5) psi internal pressure. The,
load-in is applied at time T1 = 0.0 and r2mains constant for the
duration of the calculation.

Tvo sets of input d4ata are provided for this exanpls problam. The
first set (Figure 7) allows the projram to cilculate the rasponsa2 for
the first 300 time steps. The second set of input data (Pigure 8) will
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CARD
TYPE

IT -

IIT -
IV -

VII -
IX -

NCASE= 1

PRINTOUT OF INPUT DATA

10 20 30 40 50 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678901234567890
A 6 4
B Akdkkdokd kxR kAo gk R R R A R R AR AR R R R KRR AR AR R R KRR AR Rk kR K
B EXAMPLE PROBLEM NO. 1} DYNASOR II USER'S MANUAL
B THE SHELL DESCRIBED IN EXAMPLE PROBLEM 1 OF THE SAMMSOR USER'S GUIDE
B IS SUBJECTED TP A 40 LB. APEX LQADING WITH THE SOLUTICON BEING DETERMINED
B FOR 400 TIME STEPS
B ARERR KRR ERE R AR AR KRR R R R R R KK R R R Rk R R R R R R R K R KRRk R Rk K
A 0.0001 .00000025 0 0 1 0
B8 1 4 1 8 1 100 1 1 0 1
A 1
B 0.0
1 C
A 4
B 31 1
B 31 2
B 31 3
B 31 4
A 0 0
A 0.0 1 0 0 OCUNSTANT
B-1 1
-2 1 1 40.0 0.0 0.0 0.0
-2 2 31 0.0 C. 0 0.0 0.0
END OF CASE

s L-r
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FIG. 6 APEX DISPLACEMENT RESPONSE UNDER
CONCENTRATED AXIAL LOAD
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NCASE= 2

PRINTOUT OF INPUT DATA

CARD 1C¢ 20 30 40 50 60 70 80
TYPE 12345678901234567890123456789012345678901234567890123456789012345678901234567890
I1 - A 6 8
- B EFmdkdok kR R Aok gk ek R ko R AR K KR K o Rk R R ok ok ok Rk R Rk ok koK A ok ko
- B EXAMPLE PKOUBLEM NO. 2 DYNASOR Il USER®S MANUAL
- B CAP-TORUS-CYLINDER CONFIGURATION
- B THE SHELL DEPICTED IN THE SECOND EXAMPLE PROBLEM OF THE SAMMSOR USER?®S
- B MANUAL IS SUBJECTED TO A S50 PSI INTERNAL PRESSURE
- B REAREEXERERRRR AR AR A AR R AR R R R R R R R R R KRR Rk Kk kR AR KRRk Rk Rk Rk
111 - A 0.0009 0.000003 0 0 1 C
- B 1 10 1 20 1 100 1 1 0 1
IV - A 1
- B 0.0
v 1 0
vl - A 4
- B 51 1
- B 51 2
- B 51 3
- B 51 &
VII - A 0 0
IX - A 0.0 0 1 0 OCONSTANT
- C -1-3a 1 50 1
-b 0.0 Ce.0 50.0 0.0
X ENC OF CASE

es L-r
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CARD
TYPE

IT -

IIr -
Iv -
IX -

psoL-C

NCASE= 3

PRINTOUT OF INPUT DATA

10 20 30 40 50 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678G601234567890
A 3] 8
B 2 A A o o s A %k o o koo ok e s ko ol ko ok o o ae ok e oo o ok sk e o ok R ol e o ool R ok o ok o ok ok ode ok o ok ok ok ok Aok o ok o k alx k Xx %k o o ke ko o ok ol ok ik XK
B EXAMPLE PROUBLEM ND. 2 DYNASOR 11 USER'S MANUAL
B ThHE INPUT DATA NECESSARY TO RESTARYT THE CCOE AT TIME INCREMENT 3C0
B IS PROVIDED TO GUIDE THE USER IN HIS RESTARY OPERATIONS. THE PROBLEM
B IS TO BE RUN FOR AN ADDITIONAL 30C TIME INCRKREMENTS,
R i e L e Rt
A 0.0018 0.090GC3 1 300 1 0
B 1 10 1 20 1 100 1 1 0 0
A 1
B 0.0
A 0.0006 0 1 0] OCONSTANT
c - _al 50 1
-b 0.0 c.C 50.C 0.0
END OF CASE



APEX AXIAL DISPLACEMENT (in)

-.002

-.004

-.006

-008

l 1

<—5377" L.R. —*

f 2.50"17\

60" O.R.
{

——

I i | 1

At= 3.0 usec

P=50 psi,s'l NTERNAL
E= 10XIO™ psi
v= 0.333

FIG. 9

500 1000 1500 2000
TIME (MICROSECONDS)

DISPLACEMENT RESPONSE UNDER

2500 3000

INTERNAL PRESSURE

8§ L-0



J-1.65
DYNASOR II

Jdctober 1972

restart the code at the end of the 300th tima step and will then allow
the program to calculate the response for an additional 300 increments.

Since this problem is only moderately nonlin=zar, it is interesting to
note that a much larger time step can be used for this problea than was
eaployed in the previous exampla problaa. The 3lisplacemant rasponse
obtained for this problem is presented in Pigjure 9.

Example Problen 3

This example problem was selected to demonstrate thz procedures for
inputting the distributed 1loadings on a sha21ll., A cylindrical shell
(figure 10) is subjected to a half cosine 133ading vwhich is syametric
about the meridian = 0. This load is applied along the entire length of
the shell. The pressure loiding miay be specified in on2 of two ways:

1) The Pourier coefficients may be input for each harmonic.,

2) The pressure may be specified at various circumferential
angles with the Fourier coeffici=2ants then being internally
- generated.

The first set of input data (FPigure 11) utilizes the first >f the
above procedures and inputs the Fourier coefficients. The input Jata
presented in Figure 12 describes the loading by specifying the value of
the pressure at the various anjles. The same procedur2 is enployei to
describe the temperature and temperature gradient distributions.

Considering the symmostry of the loading and the boundary conditions
applied to this shell, it can easily be recognizel that the displace-
ments and stresses will bes symnetric about ths ceanter of this cylindric-
al tube. Therefore, only on2-half of the shell neeis to be analyzed.
The plane of symmetry is assured by applyinj an axial and a rotational
restraint at node one (1).
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FIG 10 CYLINDRICAL SHELL SUBJECTED TO HALF
COSINE PRESSURE LOADING
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CARD
TYPE

Il

VII
IX

X

NCASE= 5

OO TOT I OO DWW D0 >

PRINTOUT OF INPUT DATA

10 20 30 40 50 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678901234567890

6 4
A Ao o o e ok Aok X o ko e e A o e o ok o o o o o ol ok ok o e o kR ke o o ok ok R R R R ok Rk
EXAMPLE PROBLEM NO. 3 DYNASOR I]1 USER®'*S MANUAL
CYLINDRICAL SHELL IDEALIZED USING 30 ELEMENTS IS SUBJECTED TO A HALF COSINE
LOADING TO OEMONSTRATE THE OPTIONS FUOR INPUTTING DISTRIBUTED LOADS.

** IN THIS CASE THE PRESSURE 1S SPECIFIED BY INPUTTING THE FOURIER COEFFICIENTS
WXtk ko ok R R Rk R R ok gk R ok R koK R ok ok ol ok ok o o o ok R o o Ko R K kK

0.000CS 0.,000901 0 0 0 0
1 5 1 10 1 50 1 1 0 1
2
0.0 30.0
5 0 1 2 3 4
6
1 1
1 4
21 1
21 2
21 3
21 4
0 0
U.0 0 1 1 OCONSTANT
- 2-al 20
- b 000 -301831 000
- b C.0 -5.00C0 0.0
- b 0.0 -2.1221 0.0
-b 0.C 0.0000 0.0
- b 0.0 0.4244 0.0
END OF CASE

85°L-C
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NCASE= &
PRINTOUT OF INPUT DATA
CARD 10 20 30 40 50 60 70 80
TYPE 123456789012345678901234567890123456789012345676890123456789012345678901234567890
1 - A 6 4
-8 tt‘t.‘#‘t###‘t‘t*##*#tt#“#t*#tt#t‘#‘tt‘t‘.‘t#‘tttt*‘#####‘ttt.##‘#‘t‘tttttt‘tt#
-8 EXAMPLE PROBLEM NO. 3 DYNASOR [I USER'S MANUAL
- B CYLINDRICAL SHELL IDEALIZED USING 30 ELEMENTS IS SUBJECTED TO A HALF COS INE
-8B LOADING TO DEMONSTRATE THE OPTIONS FOR INPUTTING DISTRIBUTED LOADS.
-B *% [N THIS CASE THE PRESSURE IS SPECIFJED AT VARIOUS CIRCUMFERENTIAL ANGLES %%
-8 b s R S L 22 Lo R 2 21 R SR I TR g Ry g T g U T T T |
III - A 0.0005 0.00001 0 0 0 0
-8 1 5 1 10 1 S0 i 1 o 0
IV-A 2
v B 0.0 30.0
VI - A 2 0 1 2 3 4
- B 1 1
- B 1 4
-8B 21 1
-B 21 2
'.g 21 3
viI - A Z(l) g
IX-A 0.0 0 1 0 OCONSTANT
~C-1-a , 50 37
-b 0.0 0.0 = 9.9976 0.0
-b 2.5 0.0 - 9,9786 0.0
-b 5.0 0.0 - 9,9406 0.0
-b 7.5 0.0 - 9.8836 0.0
-b 10.0 0.0 - 9.8079 0.0
-b 12.5 0.0 - 9.7134 0.0
-b 15.0 0.0 - 9.6005 0.0
-b 17.5 0.0 = 9,4693 0.0
-b 20.0 0.0 - 9.3201 0.0
- b 22.5 0.0 =~ 9.1531 0.0
-b 25.0 0.0 - 8.9687 0.0
-b 271.5 0.0 - 8.7673 0.0
-b 30,0 0.0 - 8,5491 0.0
-b 32.5 0.0 =~ 8.3147 0.0
-b 35,0 0.0 - 8.0644 0.0
-b 37.5 0.0 - 7.7988 0.0
-b 40.0 0.0 - 7.5184 0.0
-b 42,5 0.0 - 7.2236 0.0
b 45,0 0.0 6.9151 0.0
-b 47.5 0.0 - 6.5935 0.0
-b 50.0 0.0 - 6.2592 0.0
- b 52.5 0.0 - 5.9131 0.0
-b 55.0 0.0 =~ 5.5557 0.0
-b 57.5 0.0 - 5.,1877 0.0
-b 60.0 0.0 - 4,8069 0.0
-b 62.5 0.0 =~ 4.,4229 0.0
-b 65.0 0.0 - 4,0275 0.0
- b 67.5 0.0 - 3.624" 000
-b 70.0 0.0 - 3.2144 0.0
-b 72.5 0.0 - 2.7983 0.0
-b 75.0 0.0 - 2.3769 0.0
-b 77.5 0.0 ~- 1.9509 0.0
-b 80.0 0.0 - 1,5212 0.0
-b 82.5 0.0 =~ 1.0887 0.0
-b 85.0 0.0 = 0.6540 0.0
- b 87.5 0-0 - 0.2181 000
-b 90,0 0.0 0.0000 0.0
X END OF CASE

Fig. 12 INPUT DATA - (SET #2) - EXAMPLE PROBLEM 3
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Appendix S - Use of the Restact Option

In order for efficient use to bz made of tha DYNASOR II code, the
user should become familiar with the option provided for restarting the
program. Through effective use of this option the 3dynamic response
studies can be completeld using a minimum anount of computer time.

Use of the restart option may prove invaluable in a number of
situations. Abnormal termination of the program may occur if a
numericil instability is noted in the respoase. If this occurs, the
restart option can be used with a different value of th2 time increment.
Another important use of the restart option aris2s vhen the us2r 1is
satisfied with the results previously obtain=3 but desires t> extend the
response data to a further point in time. In such a case the program is
restarted at the last tizxe step for which the restart information was
placed on tape. A nost 2ffactive use of this option can ba made vhen
conducting dynamic stability analyses vhers it is desirable to evaluate
the response to see if buckling has occurred. If it has not, the
decision can then ba made to extend the run to further points in time.

Utilizing large time steps caan result in a damping effect upon the
solution so it is advisable to run the problem for a couple of
oscillations, check to se2 if tha2 solution is significantly dampa2d,and
then run the problem for the desired naumber of oscillations. If an
evaluation of the 1initial results indicates that a smaller or larger
time step should be used, the restart facility might be wused to  keep
from having to repeat the initial calculatioas.

The displacements, v2locities, and forces should be written on tape
for almost all of the cases to insure that the rastart information will
be available if an evaluation 2f the calculated rasponsz indicates that
the program should be restarted. The time r2juired to write the rastart
information on tape is negligible when compared with the amount of time
required to obtain the total response.

If it is desirable to decrease the time increment when restarting the
program, the user should exercise care in selection the incra2ment
(INRST) at which the projram will be r2started. The d=acision to
decrease the size of the time step will usually be based upon the
observation that the solution has become unstable or that significant
dampiny 1is present in the response. TO> restart the program the user
must be sure that th2 increment (INCRST) has been sa2lected small enough
to insure that the inaccuracies created by the larger time step can be
neglected.

on the other hand, if the results from a previous run indicate that
it is possibhle to increase the size of the tiae stip for tha2 remaining
calculations, then care nust also b2 taken ia tha selection of INZRST.
Por the numerical extrapolation procedure to produce accurrate sets of
displacements, it is recommended that the solution be restarted on a
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telatxvely straight portion of the displacement response curve. COonsid-
ering the curve presented in Figure 6, it woulil be reconmended that the
program be restarted at 500 microseconds rather than at 600 microseconds
because of the extrapolation procedure being utilized (i.e. the curve
is smoother at 500 aicroseconds).

¥hen using the restart option, it is possible to specify different
values for a number 2f the control constants and input paraimaters. The
data on cards I-IV may b2 chang=23, but th2 same Pourier harmonics and
boundary conditions must be used. It is alo ra2quired that the
coefficients of tharmal =2xpansion remain the same when restarting the
program. These requirements allow the user to omit card types V, VI,
and VII when preparing data for rastart oparations, The considerations
effecting the input of the loads for restart operations are presented in
Appendix 6.
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Appendix 6 - Load and Teaperatur= Input Discussion

Since the DYNASIR II program accepts time varying loadiny and
temperature conditions, the logic required to input thesz conditions is
of necessity more complex than the logic ra23Juired to input the other
parameters. A discussion >f the procedures for inputting these loading
conditions is contained in this section. In this appendix the tern
loads refers to all distributed and concentrated forces while tha term
temperatures refers to both the teaperature and temperature gradient
distributions.

If there are no loads or no temperatures, it should be noted that a
proper selection of the input constants allows omission of the input
cards pertaining to the missing tecrms. 1In other words, the user sa2lects
the proper values for input keys and tha proper read statements are
automatically skippeil.

To illustrate the procedure for inputting time varying 1loads and
tempertures the information presanted in Pugure A6-1 is utilized. The
load-time and temperature-time curves are approaximated as a1 series of
linear segments by specifying values of both the loads and temparitures
at discrete points in time2 and then assuming linear variations between
the tinmes. In order to specify the loads and temparatures in Pigure
A6-1, it is necessary to spacify both the loads and the corresponding
temperatures at times TV, IT1y9, and T13. BOth the applied loads and
temperatures are constant from tim2 T1, to the selected TOIIME soO the
value of CONSTF should be set equal to CONSTANT at tima T13. Obviously,
if the loads or temperaturas vary capidly with time, it may be necassary
to specify these conditions at a large number of times in orler for the
linear variation to be an accurate tepresentatlon of the 1load-tim2 and
temperature-~time curves.

The 1logic for the 1oad and tempaeraturz input is now iiscussel for
each of the two program start conditions, namely:

IRSTRT

0 Calculation begins at time increment 0

IRSTRT

1 Calculation begins at time increment INCRST

1« The loals and the temparatures must both be input at each
time T1 at which the loads or temperaturas vary. In other
vords, the loais <canndt be input at one time and the
temperatures at another.

2. The differencs between successive times at which the loads
and temperatures are input (T1;4,3 =~ T13) mnmust always be
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greater than the time increment (DELTE) specifiel for
solving the ejuations of motion.
IRRART = 0

The cases vhich may aris2 vhen considering the loads and temperatures
and the input logic reguired to describe these situations are as follows
vhen the program is making an initial run on a problen:

CASE IRPUT LOGIC

1. Loads and temperatures and con- Input only one sa2t of loads and
stant (in time) on each element., temperatures. Thasaz must be speci-

‘Note, however, that variations fied at time T1 = 2.0 and the
from element to element are value of CONSTF should be reiil as
alloved. CONSTANT.

2. Loads or temperdtures (or both) Input, in order, the loads and
vary vith tinme. temperatures at times T1y (must be

equal to 0.0), T1p, T13, .--. until
the value of T1 reaches or exceed
the value of TOTIME (total time
for the case.) The coluans for
CONSTF should be left blank.

IRSTRT = 1

The program may be restacted utilizing a new value for TOTIME which
may be less than, egual to, or greater than the value which was utilized
in the previous run which created and storesd the restart information for
use in this run. The pravious value of TITIME will be raferred to as
TOTIMEP. The input logic varies according to the relative valuess of
TOTIME and TOPIMEP so eiach possible coabination will be discussed
separately.

Procedures which may not be utilized in the restart mode are:
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1. If the program was originally run as case A with IRSTABT = 0,
it is not possible to input loads and temperaturaes at any
time until the value of TOTIMEP has been exceeded.

2. Consider that the program is being restarted at a time which

is within the interval

temperatures vere input in the previous run

and T1. The

greater than the tiam2

previous run.,

T1, Tha

for

loads
times

and

T1,
+ L 2
i+1 1.

+1° first value of T1 for which the loads an&
temperalures may be specified in the restart

mdo>3ie must be

wvhich was utilized in the

Tl

Consideration will first be given to the cases wher2 the nev value of
the maximum time is less than or equal to the one previously usei.

TOTIME ¢

CASE

TOTINEP

INPUT LOGIC

1.

— ————

Both the loads and the tempera-
tures are constant (in time) and
are equal to the values specified
for IRSTRT = 0, Case 1.

No loads or temperatures are input

2.

Both the loads and temperatures
are constant (in time) but are
different from the valu2s spec-
fied for IRSTRT = 0, Case 1.

This problen is not allowed by the
progran. If the user 3desires to
tun this case, it is suggested
that the problem be rerun bejin-
ning at time = 0.0.

3.

Loads or temperatures vary with
time. (This cannot be a restart
of Case 1, IRSTRT = 0.)

Input loads and temperatures at
times 11y, r12, ese uRtil tha
value Tl reachkes or exceeds the
value of]rorrms. The value of

T1 mnust be greater than the

value of r11+] of the previous run

—— . G S . b B W e > > S S —— —— — G - t— — — " — T T T —— . G - —— —— G — — - w——

,-&\—\

b
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The possible cases which may arise if the value of TOTIME is
than

TOTIMEP are now presented.

J-1.67 DYNASOR II

gr=ater

It shoull be noted that cases differ

only slightly from those previously discussei.

TOTIME > TOTIMEP

CASE

INPUT LOGIC

1« Both the loads aad. temparatures The loads and teaperatures must
are constant (in time) and are be inpat for T1 = TOTIMEP and the
equal to tha values specified value of CONSTF is set as CONSTANT
for IRSTRT = 0, Case 1. The specified loads and temp=ra-

tures aust be idantical with those
read for the previous run
(IRSTRT = 0).

2. Both the loads and temparatures The new loals will not be applied
are constant (in time) but are until TOrIMEP is reached. Th2
different from the values speci- logic for Case 1, above, is then
fied for IRSTRT = 0, Case 1. appliei.

3. Loads at temperatures (or both) The loads and temperatures aust

vary with time.

be input at times T1,, T12, ces
until the value T!1 reaches or

exceeds the value Of TOTIME.
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ABSTRACT

The DYNASOR II program is used for the DYnamic Nonlinear Analysis of
Shells Of Revolution. The equations of motion of the shell are solved
using Houbolt's numerical procedure. The displacements and stress resultants
can be determined for both symmetrical and asymmetrical loading conditions.
Asymmetrical dyﬁamic buckling can be investigated. Solutions can be obtained
for highly nonlinear problems utilizing as many as five of the harmonics
generated by SAMMSOR program. A restart capability allows the user to

restart the program at a specified time.
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SOR - Shell 2f Revolution

Computer Programs

A family of compatible computar codes far thz amalysis 2f the shell
of revolution (SOR) structures has been developed by researchers at
Texas A&M University. These analyses employ the matrix displaceaent
method of structural analysis wutilizing a curved shell elenent.
Geometrically nonlinear static and dynamic analyses can b2 conducted
using these codes. The impdortant natural frejuencies and wmnode shapes
can also be determined by employing another of the coles. Efficient
programming provides codes capable of perforaing these lesirel anialyses
in relatively small amounts of computer time.

Each of these programs has been extensively tested using probleas the
solutions to which have been reported by other researchars in oriar to
establish the validity of the codas. 1In adlition, the capabilities of
the codes have be2en demonstrated in a number of publications by
presenting solutions to problems which were unsolved by other
researchers.

SAMMSOR II - Sstiffness And Mass Matrices for Sha2lls J2f Revolution are
generated utilizing the first ma2mber 5f this family. This progran
accepts a description of tha2 structure in terms of the coordinates and
slopes of the nodes and the properties of the el=2ments joining the
nodes. Por shells wvith sinmple geometries (such as cylinders, shallow
caps, hemispheres, etc.) the shell g20metry can be internally
generated. Utiliziny the element properties, the structural stiffness
and mass matrices are Jeneratel for as many as twanty harmonizcs and
stored on magnetic tape. Bach of the other SOR progrims utilizes the
output tape dgenerated by SAMMSOR as 1input data for the respective
analyses. One advantage of creating the stiffnass and mass matrices in
a separate program is that a variety of analyses can be performed on the
same shell configuration without having to create the matrices more than
once. Obviously, a variesty of boundary and loading conditiions zan be
employed without having to create nev mass and stiffness nmatrices for
each case.

SNASOR II -~ The Static Nonlinear analysis of Shells 2f Revolution
subjected to arbitrary mechanical and thermal loading is performed using
the second computer cole., Utilizinjy the stiffness matrices j2nerated by
SAMMSOR and the loading conditions and boundary conditions input to
SNASOR 1II, the eguilibrium equations for the structure are generated.
The nonlinear strain energy terms ra2sult in psaudd> g2neralizel forces
(as functions of the displacements) wvhich are combinel with the applied
generalized forces. The resulting set of nonlinear algebraic equili-
brium egquations is solved by on2 of several methods: Newton-Raphson
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type iteration, incr2mental stiffness method, or a modified incremental
stiffness method. In general, the Newton-Raphson procadurr2 is the best
and yields accurate results for highly nonlinsar probleams.

DYNASOR II - The thicrd coda 1is wusel for the DYnamic Nonlinear
Analysis of Shells Of Revolution. The equations of motion 2f the shell
are solved using Houbolt's numerical procadure with the nonlinear teras
being moved to the right-hand side of th2 -equilibrium ejuations and

again treated as generalized loads. The displacements and stress
resultants can be determined for both symmetrical and asymmetrical
loading conditions. Asymmetrical dynamic buckling can be investigated

using this program. Solutions can be obtained for highly nonlinear
problems in reasonable periods of time on the computer utilizing as many
as five of the harmonics generated in SAMMSOR. A restart capability is
incorporated in this code which allows the user to restart the prograa
at a specified time without havingy to expend thz2 computer time na2cessary
to regenerate the prior response.

FAMSOR - PFrequencies And Modes for Shells Of Revolution can be
determined using the fourth code. Using the stiffness matrix gJenarated
by SAMMSOR and a lumpel mass repra2sentation developel froa the consis-
tent mass matrix generated by SAMMSOR, a spacified number of natural
frequencies (beginning with the lowest or fundamental frequency) are
obtained using the inverse iteration method. The mode shapes for -each
of the frequencies are also obtained.
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SYSTEM FLOWCHART

Structural
Description

Generates stiffness
SAMMSOR Il |- -~ —jand mass matrices
for shells of revolution

[Structural stiffness
——————— and mass matrices for
up to 20 minutes

Results

SNASOR 11 DYNASOR 11 FAMSOR
) ‘. ._——-—ﬁ_
Static Non- Dynamic Non- Frequencies and
linear Analysis| __| linear Analysis{ __| Modes of Shells| . _]
of Shells of of Shells of of Revolution
.Revolution Revolution

Results Results Results
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ENVIRONMENT

The DYNASOR II program runs under 0S/360 MFT or MVT and requires
220K of memory on an IBM S/360 computer. The system must also have a

card reader, printer, 3 9-track tape drives and 2314 disk storage.
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Run Characteristics

1.

2).

4).

Funtional description of run

" (see abstract)

Relationship to other runs
(see system flowchart)
Set-up and run instructions
a. get SAMMSOR output tape
b. 2 scratch tapes

c. punch control cards

d. fill out job ticket

e. lqad job

Run frequency

when desired

Run prerequisites

SAMMSOR

Run control

none

Run schedule

no set schedule; run when desired or on demand

External procedures

none

3-2.7
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B.
MACHINE SET UP FORM

PROG NAME____DYNASOR PROG # USER [.D. CODE__
AREA _Aerospace Engr. PROJECT PROGRAMMER Haisler
JOB PREQ ___SAMMSOR REGION SIZE 110K X

DIRECT ACCESS REQUIREVENTS:  none

PERMANENT
USER
ASSIGNED : DATA SET NAME DDNAME SERIAL # / #
PACK : CELL # BIN

TEMPORARY none

USER ~ u
ASSIGNED DATA SET NAME DDNAME " SERIAL # / SPACE =

PACK CELL

TAPE REQUIREMENTS:

#/ TRK, UNITS 0 # 9 TRK. UNITS 3

DATA LABEL | 7 OR9 | DEN/ | WRITE RET PD OUTPUT INPUT
SET | DDNAME RING IN FROM TO
NAME TYPE TRK MODE IN DAYS RN # RUN #
SAMSOR | FTO1F008 | SL 9 no until next SANSOR DYNASOR
none FTOT1F009 SL 9 yes run scratch DYHASOR
none FTO1FO10 SL 9 -~ yes scratch DYMASQR

a (FOR ADDITIONAL INFORMATION ATTACH ANOTHER SHEET)
aopiTion OJ REPLACEMENT . DATE SECTION PAGE .



J-2.9

CARD READER REQUIREMENTS:  sysin

DATA SET NAME : - DDNAME SOURCE DISPOSITION

CARD PUNCH REQUIREMENTS:  pone

DATA SET NAME DDNAME POCKET # DISPOSITION

PRINTER REQUIREMENTS:  sysprINT

PRINT | FORM SE;UP LINES DECOL-
DATA SET NAME DDNAME | TRAIN # SER BURST | LATE | DISPOSITION
INCH

appiTion O ReptAcEMENT (O

DATE SECTION PAGE

———
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File Information Sheet

date of last update
name:  SAMSOR
- system or application:  DYNASOR

description of contents and use: stiffness and mass matrices for

up to 20 harmonies; input to DYNASOR II program
storage medium:  tape
record characteristics: Fortran output, variable length records
block characteristics: 7200 byte blocks, spanned

file activity: (approximate when necessary)
- not a permanently maintained file
- created when computing shells of revolution

- restart information written on tape by DYNASOR run.



D. Job Control Language

//DYNASR
/*CLASS
//JPBLIB

/ /DYNASQR
-//FTO1F005
//FTO1F006
//FT01F007
//FTO1F008
//
//FTO1F009
//
//FTO1F010
//

//SYSIN

/*

EXEC
DD
DD
DD
0D

DD

DD

DD

J-2.11

DSNAME=USER.DYNASPR.JPBLIB,DISP=SHR
PGM=DYNAS PR

DDNAME=SYSIN

SYSpUT=A

SYSPUT=B

UNIT=2400,DISP=(QLD,KEEP) ,DSNAME=SAMSPRIN,
DCB=(RECFM=VBS,BLACKSIZE=7200) ,VPL=SER=SAMSH]
UNIT=2400,DISP=(NEW,DELETE) ,DCB=( RECFM=VBS,
BLPCKS IZE=7200) ,VPL=SER=DYNSR1
UNIT=2400,DISP=(NEW,DELETE),DCB= (RECFM=VBS,
BLPCKSIZE=7200), VAL=SER=DYNSR2

*

CONTROL CARDS
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RUN CONTROL -CARDS

Card Type 1

Columns
1-5
6-10

11-15

Card Type II-A

Columns
1-5
6-10

Card Type II-B

Columns

1-80

Card Type III-A

Columns
1-10
11-20
21-25
26-30
31-35
36-40

Variable
NCASES
ND

NS

Variable
NCARDS
NT

Variable

COMENT

Variable
TOTIME
DELTE
IRSTRT
INCRST
NCLOSE
ITELF

Type
Numeric
Numeric

Numeric

Type
Numeric

Numeric

Type

Alphanumeric

Type

Numeric
Numeric
Numeric
Numeric
Numeric

Numeric



RUN CONTROL CARDS
Card Type II1I-B

Columns
1-5
6-10

11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

Card Type IV-A

Columns

1-5

Card Type IV-B

Columns

Card Type V

Columns

1-5

Variable
NPRNTQ
TPRINT
NCLCST
NSTRSS
NPRNT
NPRNIT
NPRNTL
NPRNTF
NPRNTH
NPRNMS

Variable

NTHETA

Variable
THETA(1)
THETA(2)

THETA (NTHETA)

Variable

NH

Type

Numeric
Numeric
Numeric
Numeric
Numeric
Numeric
Numéric
Numeric
Numeric

Numeric

Type

Numeric

Type
Numeric

Numeric

Type

Numeric
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RUN CONTROL CARDS

Card Type V (Continued)

Columns
6-10
11-15
16-20
21-25
26-30

Card Type VI-A

Columns

1-5

Card Type VI-B

Columns
1-5
6-10

Card Type VII-A

Columns
1-5
6-10

Card Type VII-B

Columns
1-5
6-10

Variable
THARM(1)
THARM(2)
THARM(3)
IHARM(4)
THARM(5)

Variable
NODRES

/

/

Variable
NP
NDIRCT

Variable
IQN
IQN1

Variable
IN1
IN2

Type

Numeric

Type

Numeric

Type
Numeric

Numeric

Type
Numeric

Numeric

Type
Numeric

Numeric



RUN CONTROL CARDS

Card Type VII-B (Continued)

Columns
11-20
21-30
31-40
41-50

Card Type VII-C

Columns
1-5
6-10

11-20
21-30
31-40
41-50

Card Type VIII

Columns
1-5
6-10

11-20
21-30

Card Type IX-A

Columns

1-10

Variable
ql
(E
qa

q,

Variable
INI
IN2

O
pd

w_bo l\fo.

;,_Q-

Variable
TELMI
TELM2
ALSI
ALTIN

Variable

T1

Type

Numeric
Numeric
Numeric

Numeric

Type

Numeric
Numeric
Numeric
Numeric
Numeric

Numeric

Type

Numeric
Numeric
Numeric

Numeric

Type

Numeric
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RUN CONTROL CARDS

Card Type IX-A (Continued)

Columns
11-15
16-20
21-25
26-30
31-38

Card Type IX-B-1

Columns

1-5

Card Type IX-B-2

Columns
1-5
6-10

11-20
21-30
31-40
41-50

Card Type IX-C-l-a

Columns
1-5
6-10

11-15

Variable
NCF
IDELF

IDCOE

ITCOE
CONSTF

Variable

NCF1

Variable
IN1

IN2

F1

F2

F3

F4

Variable
IELM]
IELM2
NDP

Type

Numeric
Numeric
Numeric
Numeric

Alphanumeric

Type

Numeric

Type

Numeric
Numeric
Numeric
Numeric
Numeric

Numeric

Type
Numeric
Numeric

Numeric



RUN CONTROL CARDS
Card Type IX-C-1-b

Columns
1-10
11;20
21-30
31-40

Card Type IX-C-2-a

Columns
1-5
6-10

Card Type IX-C-2-b

Columns
1-10
11-20
21-30

Card Type IX-D-1-a

Columns
1-5
6-10

11-15

Card Type IX-D-1-b

Columns

Variable
THETB

p

R

S

Variable
IELMI
IELM2

Variable
p
R
S

Variable
TELMI
IELM2
NDP

Variable
THETB

P

R

Type

Numeric
Numeric
Numeric

Numeric

Type
Numeric

Numeric

Type
Numeric
Numeric

Numeric

Type
Numeric
Numeric

Numeric

Type
Numeric
Numeric

Numeric
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RUN CONTROL CARDS
Card Type IX-D-2-a

Columns
1-5
6-10

Card Type IX-D-2-b

Columns
1-10
11-20

Card Type X

Columns

1-1

Card Type XI

Columns

1-10

Variable
IELM]
TIELM2

Variable
™HT
DTH1

Punch

END OF CASE

Punch

END OF RUN

Type
Numeric

Numeric

Type
Numeric

Numeric



INITIAL RUN

END OF CASE

Temperatures

Pressures

Concentrated Loads

IX. Applied Loads

RESTART

X. END OF CASE

Temperatures

Pressures

VIII. Coeff. of Thermal Expansion

VII. Initial Conditions Cards

VI. Nodal Restraint Cards

V. Fourier Harmonics Card

IV. Circumferential Angle Cards

III. Case Control Cards

II. Case Identification Cards

I. Run Control Card

Concentrated Loads

IX. Applied Loads

VIII. Coeff. of Thermal Expansion

IV. Circumferential Angle Cards

IIl. Case Control Cards

dn3as )03(Q 4

IT.” Case Identification Cards

I. Run Contol Card

FIG. 1 CONSTITUTION OF DATA DECKS - INITIAL RUN AND RESTART MODES.

6L e-C
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DECK SETUP FOR DYNASOR II

y

CONTROL CARDS

//'//SYSIN b *

/ JJEIOLEQIOD DD UNIT=...

//FTOTF0O09 DD  UNIT=...

ﬂ FTOTFO08 DD  UNIi=.

/ JFTOT1F007 DD SYSOUT=B

ﬁrm’rooe DD SYSOUT=A

///FTmFoos DD  DDNAME=SYSIN

/ //DYNASOR EXEC  PGM=DYNASOR

//JOBLIB DD  DSNAME=USER.DYNASOR...

/*CLASS

- ////DYNASR 308 (-.)

{ 7
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G. 360 MESSAGE FORM

DATE
ADDITION [] REPLACEMENT []

[] OPERATIONAL [] ADMINISTRATIVE

Jobname PROGRAMMER MSG ID

MESSAGE:  The number of input cases does not agree with the value of
ncases input

MEANING:

ACTION:

Section Page
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360 MESSAGE FORM

DATE
ADDITION [] REPLACEMENT []

[] OPERATIONAL [] ADMINISTRATIVE

Jobname PROGRAMMER MSG ID

MESSAGE: Restart information for time increment no., I5,/,10X, corresponding
to time, F12.4, microseconds,/,2X, has been placed on tape for use

in subsequent runs//

MEANING:

ACTION:

Section Page
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360 MESSAGE FORM

DATE
ADDITION [] REPLACEMENT []

[] OPERATIONAL [] ADMINISTRATIVE

Jobname PROGRAMMER MSG ID

MESSAGE: ITAM, I5, 5X time, E 12.5 Execution terminated - displacements
greater than 1.E + 4

MEANING:

ACTION:

Section Page
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H.  CHECKPOINT, RESTART, ERROR PROCEDURES, BACKUP, AND RECOVERY PROCEDURES

Recovery Procedures:
If many computations are to be done, a backup copy of the SAMMSOR input

and restart tape can be made. Otherwise, no backup is required.

Restart Procedures:
To restart DYNASOR program, set IRSTRT = 1 on control card type III-A.

Use SAMMSOR input tape. Restart information was written onto this tape in the

previous run.
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ABSTRACT

The DYNASOR II program is used for the DYnamic Nonlinear Analysis of
Shells Of Revolution. The equations of motion of thé shell are solved
using Houbolt's numerical procedure. The displacements and stress resu]tant§
can be determined for both symmetrical and asymmetrical loading conditions.
Asymmetrical dynamic buck]iné can be investigated. - Solutions can be obtained
for highly nonlinear problems utilizing as many as five of the harmonics
generated by SAMMSOR program. A restart capability allows the user to

restart the program at a specified time.
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SYSTEM OVERVIEW ) '
‘ October 1972

SOR - Shell Of Revolution ‘,‘ew‘\“\g \\m h\a“\_(_\

Computer Prograns

A family of compatible computar codes for th2 analysis 5f the shell
of revolution (SOR) structures has been developed by researchers at
Texas A&M University. Thesa analyses employ the matrix displacement
method of structural analysis wutilizing a curved shell . elament.
Geometrically nonlinear static and dyniamic analyses can b2 conducted
using these codes. The important natural frejuencies and mode shapes
can also be determined by employing another of the coles. Efficient
prograaming provides codes capable of perforaing these desirel analyses
in relatively small amounts of computer tine.

Each of these programs has been extensively tested using probhlems the
solutions to which have been reported by other researchars in oriesr to
establish the validity of the coda2s. 1In addition, the ~capabilitiss of
the codes have bzen demonstrated in a number of publications by
presenting solutions to problems which were unsolved by other
researcherse.

SAMMSOR II - Stiffness And Mass Matrices for Shalls JOf Revolution are
generated wutilizing the first wa2mber »o5f this family. This program
accepts a description of the structure in terms of the <coordinates and
slopes of the nodes and the ©properties of the elzments joining the:
nodes. For shells with simple gjeonetries (such as cylinidars, shallow
caps, hemispheres, etc.) the shell geometry can be internally
generated. Utilizing the element properties, the structural stiffness
and mass wmatrices are gJjeneratel for as many as twa2nty harmonics and
stored on magnetic tape.- Each of the other SOR programs wutilizes the
output tape generated by SAMMSOR as 1input data for the respzctive
analyses. One advantage of creating the stiffna2ss and mass matrices ‘in
a separate program is that a variety of analyses can be performed on the
same shell configuration without having to create the matrices mors than
once. Obviously, a variaty of boundary and loading conditiions zan b2
employed without having to create newvw mass and stiffness amatrices for
each case. :

SNASOR II - The Static Nonlinear analysis 2f Shells 3f Revolution
subjected to arbitrary mechanical and thermal loading is performed using
the second computer cole. Utiliziny the stiffness matrices g2nerated by
SAHIMSOR and the loading conditions and boundary conditions input to
SNASOR II, the -eJuilibrium equations for the structure are generated.
The nonlinear strain ena2rgy terms rasult in pseudo gz2neralizel forces
(as functions of the displacements) which are coambinei with the applied
generalized forces. The resulting set of nonlinear algebraic eguili-
briua equations is solved by on2 of several methods: Newton-Raphson
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October 1972

type iteration, incr2mental stiffness method, or a modified incremental
stiffness method. 1In gena2ral, the Newton-Raphson procadurr2 is the best
and yields accurate results for highly nonlinear problems.

DYNASOR II - The third <cod2 1is wusel for the DYnamic Nonlinear
Analysis of Shells Of Revolution. The equations of motion of the shell
are solved using Houbolt's numerical proca23ure with tha nonlinear terms
being moved to the right-hand side of tha equilibrium eguations and

again treated as generalized loads. The displacements and stress
resultants can be determined for both symma2trical ani asyametrical
loading conditions. Asymaetrical dynamic buckling can be investigated

using this program. Solutions can be obtained for highly nonlinear
problens in reasonable pariods of time on the computer utilizing as many
as five of the harmonics generated in SAMMSOR. A restart capability is
incorporated in this code which allows ‘the user to restart the progranm
at a specified time without having to expend tha computer time nacassary
to regenerate the prior response.

FAMSOR - FPrequencies And Modes for Shells Of Revolution can be
determined using the fourth code. Using the stiffness matrix gJenarated
by SANMMSOR and a lumped mass reprasentation develspeil froax the consis-
tent mass matrix generated by SAMMSOR, a sp2cifi2d nuaber of natural
frequencies (beginning with the 1lowest or fundamental frequancy) are
obtained using the inverse iteration method. The moda shapes for each
of the frequencies are als> obtained.
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SYSTEM FLOWCHART

Structural
Description

Generates stiffness
SAMMSOR 11 = and mass matrices
. for shells of revolution

IStructural stiffness
——————— and mass matrices for
up to 20 minutes

Results

SNASOR 11 DYNASOR I1- FAMSOR
Static Non- Dynamic Non- Frequen'cies and
linear Analysis| __| linear Analysis| __| Modes of Shells| _]
of Shells of of Shells of of Revolution
.Revolution Revolution

Results Results . Results
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ENVIRONMENT

The DYNASOR II program runs under 0S/360 MFT or MVT and requires
220K of memory on an IBM S/360 computer. The system must also have a

card reader, printer, 3 9-track tape drives and 2314 disk storage.

~



Overlay (0.0)

Progren SDSS

CLSRAT*
CLRTAB*
COPYM*
CREATE™
DMPTAB*
FETCHM®*
FIND*
INITAL
IOUNTS
LINEIN®
LOCATE*
MONITR
OPTFIL*
PNAME*

RELES*
RHEAD*
RVEC*
STATUS*
STOREM*
SURFIN*
TPRINT*
UREWIND®
UTABUP*
WHEAD*
WSVIC*
WVEC*
WVSVEC*
ZERO™

Overlay (1,0)

Overlay (2.0)

Overlay (3,0)

Program PREPAR

Frogram ENGINE

Program TRANS

BLDTA8
FILE

GYRO
TDATA
TMAT

]

Overlay (1,1)

Overlay {1,2)

Program CARDIN

ATHOG2
DATA*
DATE*
DCONRL
DEXDW
DGYRO
DPERT
DSTAB
DTRST
DWT
INTURP*
MATPRT
SPECS

Program TAPEIN

. [MATCAT

PGD*

RGD
1CPAR

CDATA
CINT
CTRANS
DTRANS
HTRANS
PTRANS
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Overlay (4. 0)

Overlay (5, 0)

Overilay (6,0)

]
Loverlay (7, 3),

Program DUAL

Program BASIC

Program STACO:

CONSUR
CONTROL
FORCE

BDATA
BPS1

CAAB™
CMAB*
CMAST™
CMATB*
CMATBT*
CPRINT*
CSAB*
CSMA
DER

MGW
MOp*
NEEDS*
TAAB*
TAINV*
TEMAB*
TINVER®
TMAB*
TMABT*
TRNFER*
TSAB*
TSTA*
TSHA*
TTRANS*
vip*

VLIN®

T

Overlay (6,1)

Program OOhE

DA
DS
RAIC

Overlay (6,3)

Program SHAPE

brp
LOADS
PRES
SD
SOLIST
SMAT

Overlay (6,5)

Program SDSP

SPEED
STADER

STAPAR

Overlay (6,2)

Program TRIM

CINVER®

TMDATA
TMPRT
TRIMCC
TREAIT
T$
WTDATA
WIDLR

Overlay (6.4) |

Program INTDW

DMAT

RISC

The DYNASOR II program does not require overlaying.

Program P05
MSIZES

Overlay (6,6)

Overlay (6,7)

Overlay (6,8)

Overlay (6,9) |

Program PERTY

Program PERT2

Program PERT3

Program PErT <

EFA
£FS
£QA
EQS
FUS
RFA
RFS
ROA
RQS

PPRES
ROULSC
UAICA
VAICS

UPRES

PROGRAM OVERLAY STRUCTURE

PDATA
POLR
PGYRO
PHAT
PHATY
PIHAT2
PHMAT3
PHAT4
SEPART*
STAIT
STPART*

CONDER
GAMF
PELOAD
PGLOAD
PLOAD

This is a sample overlay map for the SDSS program, part of
a set of programs developed by Boeing for the NASA Space

Shuttle Project.
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MAIN
INPUT
RESTART | |
ONLY
TRI4OR FRCES THCOE TFORCE
NLTERM |
——
STRESS QPRIME
TOTIME | _ _|
SETUP ONLY
NLTERM
INPUT | NLTERM
STRESS QPRIME
STRESS QPRIME
HOUBQ] HOUBQN
[MaTmuT NRESTR SOLVEQ MATMUT SOLVEQ
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FORTRAN IV 6 LEVEL 20 MAIN

0001
0002
0003
0024
0005

0006

2C07
oces
3009

0010
0oll
2012
0013
0214

0015
0016

0017
0ols
0019

DATE = 72353 11/03/29
CE(FRCES) DYN14872
c DYN14874
c DESCRIPTION - TO READ IN THE DISTRIBUTED LOADS ON THE SHELL DYN14876
c STRUCTURE. THEN, USING FITHER CIRCUMFERENTIAL OR DYN14878
< FOURIER COEFFICIENTS DATA, CALCULATE THE LINEAR DYN14880
c GENERALIZED LOADS. OYN14882
c A DYN14884
C INPUT ARGUMENTS, DYN14886
c 18 = FORCE ARRAY STEPPING PARAMETER, USED TO MODIFY CURRENT  DYN14888
c BLOCK OF STORAGE FOR FORCE. DYN14890
c IELM = NUMBER OF SHELL ELEMENTS. DYN14892
c DYN14894
C OUTPUT ARGUMENTS. DYN14896
c FORCE = MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND  DYN14898
c TEMPERATURES. DYN14900
¢ Q THERMAL COEFFICIENTS USED IN CALCULATING GENERALIZED DYN14902
c LINEAR LCADS DUE TO THERMAL EFFECTS. DYN14904
c QQ = GENERALIZED LINEAR LUADS DUE TD THERMAL EFFECTS. DYN14906
c DYN14908
C EXTERNALS. DYN14910
c CALLED BY DYN14912
c INPUT DYN14914
c DYN14916
SUBROUTINE FRCES (TELM,ALPHK,1B) DYN14918
IMPLICIT REAL#*8 (A-H,0-2) DYN14920
COMMON /FRCE/ P(74) yRUT4),S(74),THETB(74) DYN14922
COMMON /CHALS/ AL(167),CHECK(8,8) DYN14924
COMMON /QS/ QN{1020) ,QN1(1020),FORCE(2960),QP(1020),QP1(1020), DYN14926
1 aN2(1920) DYN14928
COMMON /CONST/ NH,NELEMS,NNODES ¢NSIZE,NPRNTQ,NEQ,NEQT 4N, NNsNHNS, DYN14930
1 DT2,NPRNTL ,NPRNTF , IDELF, IDCOE DYN14940
COMMON /HARM/ NHP,THARM(S) DYN14950
COMMCN /QUES/ Q(8),0Q(8) DYN14960
COMMON /TAPES/ NT,ND,NS DYN14970
c1 READ DISTRIBUTED LOADS USING CIRCUMFERENTIAL ANGLES OR FOURIER DYN14972
c1c COEFFICIENTS DYN14974
PI1=3.14159265 DYN15620
IF (IELM.EQ.1) TELM2=0 DYN15030
IF (JELM.LE.IELM2.AND.IELM.NE.1) GO TO 40 DYN15040
IF (ICCDE.NE.1) GO TO 10 DYN15050
IF (NPRNTL.EQe1<AND.IELM.EQ.1) WRITE (6,160) DYNL 5060
c READ INPUT DATA FOR CARD TYPE IX - C - 2 DYN15070
REAU (ND,170) TELM1,IELM2,(P(I),R{T},S(I),1=1,NH) DYN15080
IF (NPRNTL.EQ.L) WRITE (6,180) TELMY,TELM2,(P(I),R(I),S{I)s1,1=1, DYN15090
1 NH) DYN15100
GO TO 40 DYN15110C
10 CONTINUE DYN15120

IF {NPRNTL.EQel.ANDJ.ITELM.EQel) WRITE (6,190)

DYN15130

PAGE 0001
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FORTRAN [V G LEVEL 20 FRCES DATE = 72353 11703729
c . READ DISTRIBUTED LOADS DYN15140
c DYN15150
c READ INPUT DATA FOR CARD TYPE IX - C - 1 DYNL15160
0020 READ (ND,200) I1ELMYSTELM24NDP(THETB(T),P(I),R{1)4S{I)y1=1,NDP} DYN15170D
0C21 NDP2=2%NDP+1 : DYN15180
c DYN15188
0022 DO 20 IF=1,NDP DYN15190
0n23 ANG=360C.N-THETBU(IF) DYN15200
0024 KEY=NDP2-IF DYN15210
0ces THETB(KEY) =ANG DYN15220
2026 P(KEY)=P(IF) DYN15230
0027 R(KEY)=R(IF) DYN15240
0n2s S(KEYI=S(IF) DYN15250
¢029 20 CONTINUE DYN15260
c DYN15263
0030 IF (NPRNTL.EQ.l) WRITE (6,21C) ITELMY,IELM2,(P(I},R(I},S{I), DYN15270
1 THETB(I) ,THETB{I+1),I=1,NDP) DYN15280
0031 ND2=2#%NDP DYN15290
0032 NDPP 2=NDP+2 DYN153C0
0033 IF (NPRNTL.EQel. AND.NDP.GT 1) WRITE (6,220) (PLI),RUI)4S{I), DYN15310
1 THETB(I-1) 4 THETB(I),I=NDPP2,ND2) DYN16320
c : DYN15328
0034 DO 30 I1DP=1,ND2 DYN15330
0035 THETB({IOP)=THETB(IDP)/57.2957795 DYN15340
0036 30 CONTINUE DYN15342
c DYN153453
ci CALCULATE THE LINEAR GENERALIZED LOADS DYN15347
0037 40 CONTINUE DYN15350
C DYN15358
0038 DO 150 IH=1,NH DYN15360
00329 KYP=IHARM(IH) DYN15370
2040 YKP=KYP - DYN1 5380
0041 IF (IDCOE.EQ.1) GO TO 110 DYN15390
c DYN15398
0042 D0 50 I1=1,8 DYN15400
0043 Q(I)=0.0 DYN15410
0N44 50 CONTINUE DYN15412
c DYN15415
0045 NDP1l=2,0%NDP~-1 DYN15420
c : DYN15428
CC46 DO 100 I=1,NDPl DYN15430
0047 If (NOP.EQ.1) GO TO 70 DYN15440
0048 X1=THETB(1)*YKP DYN15450
0049 X2=THETB{(I+1)*YKP DYN15460
0050 IF (KYP.GT.0) GO TO 60 DYN15470
0051 PINT=P(I1)*(THETB(I+1)-THETB(I}) DYN1548C
0052 RINT=R(I)*(THETB{I+1)-THETB(I)) DYN15430
0053 SINT=0.0 ’ DYN15500

PAGE 0012
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FORTRAN IV G LEVEL 20 FRCES DATE = 72353 11/03/29 PAGE 0003

0054 . G0 7O <0 DYN15510
0055 60 PINT=P(I)*{DSIN(X2)=~DSIN{X1))/YKP DYN15520
00586 RINT=R{I}*(DSIN(X2)-DSIN{X1))/YKP DYN15530
0657 SINT==S(I)*(DCOS{Xx2)-DCOS(X1))/YKP : DYNI5540
0058 GO TO 90 DYN15550
9C59 - 70 IF (KYP.GT.O) GO TO 89 : DYN15560
0060 PINT=2.0%P1%P (1) DYN15570 |
0ne6l RINT=2.0%PI*R (1) DYN15580
G062 SINT=C,0 DYN15590
0C 63 GO 10 %0 DYN15600
064 80 PINT=0.90 : DYN15610
0065 RINT=0.0 DYN15620
2066 SINT=0.0 DYN15630
0067 S0 Q{1)=Cl1)+RINT*AL(]) DYN15640
0068 Q021=Q12) +RINT*AL(2) DYN15650
369 QU3)=Q(3)+RINT*AL(3) DYN15660
oc70 QU4)=Q{4) +RINT*AL(157) DYN15670
co71 Q{5)=Q(5)+PINT*AL(]) DYN15680
0072 QU6)=Q(6) +PINT=AL(2) DYN15690
0073 ' QI7)=Q(T7)+SINT®AL{]1} DYN1570Q0
0074 Q(8)=Q(8)+SINT*AL(2) DYN15710
0C75 160 CONTINUE DYN1S5712
c . DYN15715
0076 G0 70 120 DYN15720
0077 110 CONTINUE . ' DYN15730
onT8 C12=1.0 OYN15749
0079 IF {KYP.EQ.N) C12=2.0 DYN15750
0080 PINT=CLl2%PI*P{IH) DYN15760
3081 RINT=C12%*PI*R (IH) DYN15770
ci82 SINT=(2.0-C12)*PI%S{IH) ] DYN15780
c083 QU1)=RINT=AL{]) DYN15790
co84 QU2) =RINT=AL(2) DYN15800
01385 Q(3) =RINT*AL(3) DYN15810
cJ8s Q(4)=RINT*AL(157) DYN15820
0087 QUS)=PINT*AL(L) DYN15330
2388 QU6)=PINT®AL (2} DYN15840
0089 QUTY=SINT*AL(1) ) DYN15850
0090 Q(B)=SINT*AL(2) DYN15860
ncol 120 CONTINUE DYN15870
c DYN15878
CC92 DO 130 I=1,8 DYN15880
93 QQ{I)=0.0 DYN15890C
c DYN15898
0094 ’ DO 130 J=1,8 DYN15900
0095 QQ{TII=QQ(I)+CHECK(J, 1)%Q(J) DYN15910
NC9s6 130 CONTINUE DYN15912
c : DYN15G615

c DYN15918

gLe-r



FORTRAN 1V G LEVEL 20 FRCES DATE = 72353 11/03/29
3097 DO 140 I=1,8 DYN15920
9998 J=4¥(TELM=1)+1 ¢ (TH-1 ) *NEQ+IB®NEQT DYNY5930
0099 FORCE(J)=FORCE(J) +QQ(1]) DYN15940
o100 140 CONTINUE DYN15942
DYN15945
0101 15C CONTINUE DYN15950
DYN15953
0102 RETURN DYN15960
DYN15970
0103 160 FORMAT (1H! +35X,40HFOURTER COEFFICIENTS OF APPLIED PRESSURE, DYN15980
1 9H LOADINGS// DYN15982
1 20X, LOHMERIDI ANAL 20 X, 6HNORMAL 4 20X, 10HTANGENT [AL 4 10X, DYN15990
2 12HHARMONIC NOL//) DYN1 6000
0104 170 FORMAT (21I5/(3F1C.0)) DYN16010
0105 180 FORMAT (/69X 11HELFMENT NOoyT341H=3134//7(2X,3D28.7415%X,12)} DYN16020
0106 190 FORMAT (1H1,51%X,3CHAPPLIED LOADS ON THE STRUCTURE/Z// DYN16030
1 56Xy 19HPRESSURE COMPONENTS// DYN16032
2 2CXy 1 IJHMERIDTANAL 20Xy 6HNORMAL 4 20Xy IOHTANGENTIAL, 11X, DYN160D40O
2 19HFROM THETA TO THETA,9H{DEGREES)) DYN16050
0137 200 FORMAT (315/14F10.GC)) DYN16060
108 210 FORMAT (/6DX,11HELEMENT NOoyI3,1H-,12//(2Xy3F28.3,12X42F10.31)) DYN16070
0109 220 FORMAT (2X13F28.3112X12F10.3) DYN16080
0110 END DYN160690

PAGE 00n4
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‘ FRCES ,

READ DISTRIBUTED LOAD!
USING CIRCUMFERENTIAL
ANGLES OR FOURIER
COEFFICIENTS

2

CALCULATE THE
LINEAR
GENERALIZED LOADS

3

< RETURN )

FRCES
Functional J-3.17
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PROCESS

@ FRCES
N Detail Suppressed

l] of1l

PROCESS

PROCESS
22
YES
PROCESS PROCESS
23 24 N
PROCESS PROCESS
L
28
PROCESS

PROCESS

16,

18

PROCESS

29 100
- D0 LooP
‘ 30

PROCESS

PROCESS

YES

19" )

PROCESS

7
RETURN



2123.131%
9205

1ELM.LE
LIELM2.AND. IELM
.NE.T)

YES

CONTIHLE

(NPRNTL.EQ
JL.AND.IELM.EQ.1)

AlG=360.0-THETB(IF)
KEY=NDP2-1F
THETB(KEY )=ANG
P{KEY )=P{IF
RéKEY =R§IF
S(KeY;sS{IF

13|

IF=1F+1

ND2=2*NDP
HDPP2=HDPe2

2.1

(NPRNTL.EQ.1.AND
M )

IELM.EQ.

FRCES
J-3.19
Detail

l of 3
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él) THETB{]-
JTHETB(1),Ia
NOPP2,1iD2)

DO 30 1DP=1,ND2
THETB(1DP)=THETB
(10P)/57.2957795

CONTINUE

O——

TH=]

6 ]

KYP=] HARM( IH
YKP=KYP

NO

D0 50 1=1,8
Q{1)=0.0

NDP1=2. 0%
NOP-1

Xi=THETB(I)*
YKP
X2 THETB(1+1)

15 NO

PANT P(1
-0S1N{X1
QXNT-R(I
_ng

|

1
SIilT=-5( ;4 (pcos(x3

)NT‘P(X)'(THETB
(I41)-THETB(I))
RINT'R(I)'(THETB
(1+1)-THETB(1))

SiNT=0.0

{osIN{X2
AL
'(szn(xz

23

C12=1.0

27

C12=2.0

PINT=CI2*PI*P (I
RINT=C12*P1"R{IH
SINT={2.0-C12)*PI*S(1H)

Q(1)=RINT*AL(Y
Q{2)=RINT*AL(2

Q{3)=RINT*AL(3

28

Q(a)=RINT#AL 157)
STHAL
QE }-PXNT'AL z
0(7)=SINT*AL{1
0(8)=SINT*AL (2)

PINT=2,0*PI*R(1
RINT=2.0*PI*R(}

SINT=0.0

8] | pos
SINT=0.0

-
=

+RINT#AL(]
+RINT*AL {2
+RINT*AL(3
+RINT*AL (157)
+PINT*AL(Y
+PINT*AL (2
J+SINT#AL(1

DOOODOO
RERAREAN
NN R
e e it
oW R
DODDLID
P-4
N N —

a

7|

q(8)=0(8)+
SINT*AL(2)

18|
leltl

)%/L\S
YES <A LE.NOPY

FRCES
Detail
2 of 3



O - FRCES
: ’ Detail V-3.21

-1 3of 3

>

QQ(1)=0.0

3]

Jal

P

qo(1)=0q(1)+
CHECK(J,1)*
QW)

I=1+1

8
YES “'HIIH:I.,,
9 %0
1=1

0]

J=4% (TELM-1)+
T+(1H-1)*NEQ
+18~8EQT

n ]

FORCE(J)=FORCE
(3)+QQ{1)

w2 |

I=141

THsTH+]

RETURM



FORTRAN IV G LEVEL 20 MAIN DATE = 72353 11703729 PAGE 0001
CetHOouBQN) DYNCSTT2
c : DYNCS774
c DESCRIPTION - TO SET UP AND CONTROL THE SOLUTION OF THE DYNO9776
c EQUATIONS OF MOTICN FOR EACH TIME STEP EXCEPT THE FIRST ONE. DYNO9778
v DYNO9780
C INPUT ARGUMENTS. DYNCST782
C FORCE = MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND DYNN9784
c TEMPERATURES., DYNNS786
c IH = HARMONIC KEY. DYNCS788
c KY = RESTART KEY, DYNC 9790
C QN = DISPLACEMENTS AT TIME INCREMENT (N-1) UP TQ STATEMENT 20 DYNJIST792
c AFTER STATEMENT 30 THIS MATRIX HAS BEEN CHANGED TO DYNOST94
C THE DISPLACEMENTS AT TIME STEP (N). DYNQST96
C QnNl = DISPLACEMENTS AT TIME INCREMENT (N-2) BEFORE STATEMENT 10DYNDS798
c AND AT TIME INCREMENT (N-1)} AFTER STATEMENT 2C. DYNGS800
ot QP = Q - PARTIAL DERIVATIVE OF U=NL WITH RESPECT TO LOWER DYND9802
c CASE Q AT TIME STEP (N-1). . ' DYNOS804
C QPl = Q -~ PARTYAL DERIVATIVE OF U-NL WITH RESPECT TO LOWER CASEDYNO9BO6
c Q AT TIME STEP (N-2). DYNC 9808
c DYNG9810
C OUTPUT ARGUMENTS. DYNOS812
c QLOAD = RIGHT-HAND SIDE OF THE DYNAMIC EQUATIONS OF MOTION DYNQJS814
c .BEFORE CALLING SOLVEQ. DYNOSB816
c QN = DISPLACEMENTS AT TIME INCREMENT (N-1) UP TO STATEMENT 20 DYNOS818
c AFTER STATEMENT 30 THIS MATRIX HAS BEEN CHANGED TO DYNC9820
c THE DISPLACEMENTYS AT TIME STEP (N). DYNJGB22
c QN1 = DISPLACEMENTS AT TIME INCREMENT (N-2) BEFORE STATEMENT 10DYNC9824
c AND AT TIME INCREMENT (N-1} AFTER STATEMENTY 20. DYNC9826
c QN2 = DISPLACEMENTS AT YIME INCREMENT (N-3) BEFORE STATEMENT 1CDYN09828
C AND AT TIME STEP (N-2) AFTER STATEMENT 20. DYN(CS830
¢ QP1 = Q - PARTIAL DERIVATIVE OF U~NL WITH RESPFCT TO LOWER CASEDYNO9832
c Q AY TIME STEP (N-2), DYNC 9834
c ' ) DYNO9836
C EXTERNALS. DYNOSR38
c CALLED BY DYNC9840
v SETUP . DYNG9842
- C CALLS DYNC G844
c MATMUT DYN29B46
c SOLVEQ ; DYNOSB48
c DYNC9850
0001 SUBROUTINE HOUBQN (KY,IH) DYNG9852
0002 IMPLICIT REAL*8 (A-H,0-2) DYNCSB54
0003 COMMON /SLVEEQ/ XN(6550) ,QLOAD{2C4) DYN09856
€004 COMMON /7QS/ QN(1020),QN1(1020),FORCE(2N40),QP(1020),QP1{1020), DYND9BSS8
1 QN2(1020) DYNO 9860
0005 COMMCN /RSTRNT/ NODRES,NCLOSE,LK(204) DYN( 9862
0006 COMMON /CONST/ NH,NELEMS ¢yNNODES+NSTZE NPRNTQe¢NEQ)NEQT+NyNNyNHNS, DYNCSB64

1 DT2 ¢ NPRNTL ¢ NPRNTF, IDELF,,1DCOFE DYN29866

é¢ece-g
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00207
[elole:]

.J009°

0010
0011
0012

0013
0Gle4

0015
0016
2017

0018
0019
0020
cn21
0022

0023
0024
0025

0026
0027
3028
2029

00390
0031
0032
GN33
0034
0035

0236
0037

c1

20

30

40

50

20 : HOUBQN DATE = 72353 11703729

COMMON /PS/ XP(6550)
COMMON /TMFT/ TOTIME,DELTE,TIME,TO,T1
COMBINING THE DISPLACEMENTS OF THREE PREVIOUS TIME INCREMENTS

DO 10 1=1,NEQ
NPI=N+1
QN2INPI)I=5,%QNINPI) =4 .%QNL1 (NPI)+QN2(NPI)
CONT INUE

MULTIPLY STRUCTURAL MASS MATRIX BY PREVIOUS DISPLACEMENTS

CALL MATMUT (IH,QN2,XP,QLOAD,NEQ)

COMBINE RIGHT-HAND-SIDE & UPDATE DISPLACEMENT AND FORCE MATRICES
T3=(TIME-TO}/(T1-TO)

00 20 I=1,NEQ
NPI=N+]
QSS=2.0%QP{NPI1=QPLINPI)+FORCE(NPI)+T3%(FORCE(NPI+NEQT)~
FORCE(NPIY)
QLOAD(I)=QLUOAD(I)+DT2%QSS
QN2{NPI }=QN1 (NP1}
QANLINPI )=QN(NPI)
QPLINPI)I=QPINPI)
CONTINUE

APPLY BOUNDARY CONDITIONS TO RIGHT-HAND-SIDE
NODRE=NODRES

IF (NCLOSE.EQ.l.AND.KY.EQ.O0) NODRE=NODRE+2
IFf (NODRE.EQ.O) GO 7O 40 '

DO 30 I=1,NUDRE
1EQ=LK(I)
QLOAD(IEQ)=0.0

CONT INUE

CONTINUE
SOLVE FOR DISPLACEMENTS
CALL SOLVEQ (IH)

DO 50 I=1,NEQ
NPI=N+1
QN{NPI)=QLOAD(I)

CONT INUE

RETURN
END

DYNO 9868
DYNO98T0
DYNC9872
DYNG9918
DYNC9920
DYN09930
DYNQ9940
DYN09950
DYND9953
DYN(C9955
DYN(C9960
DYNG 9962
DYNC9980
DYN(C9988
DYNGC9990
DYN1OOOD
DYN1NO10
DYN10OG12
DYN10030
DYN10040
DYN10ONSO
DYN10060
DYN10CTO
DYN10OCT3
DYN10O75
DYM10090
DYN10100
DYN10O110
DYN1IN118
DYN10120
DYN10130
DYN10140
DYN10150
DYN10153
DYN10160
DYN10162
DYN1C180
DYN1O188
DYN10190
DYN10200
DYN1O210
bYN1C220
DYN10223
DYN10230
DYN10240

PAGE 0002
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| HOUBQN
J-3.24 : Functional
lofl

COMBINING THE
DISPLACEMENTS OF THREE
PREVIQUS TIME
INCREMENTS.

FATMUT

MULTIPLY STRUCTURAL
PASS FATRIX 8Y
PREVIOUS DISPLACEMENTY

CGIBIRE RIGHT-HAND-SIDE
& UPDATE DISPLACENEZHT
AND FORCE MATRICES

SOLYEQ

SOLVE FOR
DISPLACEMENTS

)

( RETURN )



PROCESS

RETURN

HOUBQN J-3.25
Detail Suppressed
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HOUEQN
1

I=1

2 e
NPI=N+[
QN2(NPI)=5, *QN(iiP])-4,
*Qi1 (NP1 )+QN2(NPT)

3 1 e

CONTINUE

s |

I=1+1

YES

6 NO

CALL MATMUT
IH,QN2,XP,
QLOAD,NEQ)

1]

T3=(TIME-TO)
(T1-10)

8 |

I=1

9 T

NPI=H+]
QS5=2.0*GP{NP1)-CP Y (NPI)}+FCRCE
(NPI)#T3~(FORCE(NPI+NEQT)-FORCE

- ig}
QLOAD(I)=QLOAD(I)+DT2*QSS

QNZ(NP1)=QN1 (NPT
QNIiNPl =QN(N21
QP1{NPT)=qP{NPl

0 |
CONTINUE
n |
1=1+]
12
YES
13 NO

NODRE=NODRES

EQ.T.AND.XY

I=1+1

<::)""TE"‘>‘ )

1EN=LX(1}
GLOAD{IZQ)=0.0

20

I=1+1

CONTINUE

23 |

CALL SOLVEQ (IH

2 |

=3

25 fé——-—-——-————

NPIeN+]
QN(NPI)=QLOAD(1

6 | 50

CONT INUE

27 I

I=I41

i

29 NO

RETURN

HOUBQN
Detalil
1l of 1



FORTRAN [V G LEVEL 292 MAIN DATE = 72353 11/03/29 PAGE 0ON1

CE(HOUBQL) DYN(QB8962

c DYNC8964

c DESCRIPTION - TO CALCULATE THE DISPLACEMENTS AT THE END .DYN(QB966

c OF THE FIRST TIME STEP ONLY AND SET UP THE COEFFICIENT DYNOB968

c MATRICES FOR USE IN SUBSEQUENT STEPS. DYNC8970

c DYN08ST2

C INPUT ARGUMENTS. DYNQ8974

c DELTE = TIME INCREMENT USED IN SOLVING THE EQUATIONS OF MOTION DYNG 8976

c OF THE SHELL. DYNO8S78

c bT2 = THE SQUARE OF THE TIME INCREMENT. DYNC8980

c FORCE = MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND DYNC 8982

C TEMPERATURES. DYNC8984

c IH = HARMONIC KEY. DYNOB986

c IRSTRT = INPUT CONSTANT WHICH INDICATES IF THE PROGRAM IS BEING DYNDB8S8R

C RESTARTED. - DYNC8990

C KY = RESTART KEY, DYNDOB992

C QN = DISPLACEMENTS AT TIME INCREMENT (N-1) UP TO STATEMENT 20 DYNDB8994

c AFTER STATEMENT 30 THIS MATRIX HAS BEEN CHANGED TO DYND 8996

¢ THE DISPLACEMENTS AT TIME STEP (N). DYNOB998

c TIME = CURRENT TIME,. DYNCS0CO

c T0 = INITIAL TIME. DYNOSGQC2

c T1 = STOP TIME. DYNCO0O&

c XN = STRUCTURAL STIFFNESS MATRIX AS READ FROM INPUT TAPE, DYNOQQNr 6

c AFTER THE FIRST TIME STEP, THIS MATRIX IS REPLACED BY A DYNQSO(S

c COMBINATION OF THE MASS AND STIFFNESS MATRICES. DYNO9010

c DYNQOGO12

C EXTERNALS. DYNJG014

c CALLED BY DYNC9N16

C SETUP DYNC9D18

c CALLS ) i DYNCS020

c MATMUT DYNC 9022

C NRESTR DYND9024

C SOLVEQ GYNQOSG26

c DYNC 9028

0001 SUBROUTINE HOUBQL (KY,IH) DYNC Q03D
0002 IMPLICIT REAL#*8 (A-H,0-2) DYNO9C32
0003 COMMON /SLVEEQ/ XN(6550),QLOAD(204) DYNQ9034
0004 - ’ COMMON /QS/ QN(1020),0N1(1020),FORCE(2040),QP(1020),QP1(102C), DYNO9(C36
1 QN2(1020) DYNBS033

0005 COMMCN /RSTRNT/ NCDRES,NCLOSE,LK({294) DYNC9C40
0006 COMMON /CONST/ NHoNELEMS yNNODES yNSTZE,NPRNTQ,NEQ,NEQT ,N,NNyNHNS, DYNCSC42
1 DT2¢NPRNTL ,NPRNTF,ICELF,1DCOE DYNQSC44

0007 . COMMCN /£S7 XP(6550) DYNO9046
0008 COMMON /TMFT/ TOTIME,DELYE,TIME,TO,T1 DYNDJ9050
0009 COMMON /RESTRT/ IRSTRT,NPRNT 4NPRNIT,ITP,TIMEP,DELTEP DYNC 9060
0ol0 DIMENSION QLOADL{1020) DYNG99070
c DYNQ908D

0011 IFLAG=0 DYNO9130

Lee-r



FORTRAN

¢otr2
0013

0nte4

0015
J016
0017
0018
0019
0020
0021

0022

co23
0024

0025
0026
0027
0028
0029
0030

0031

0032
0033
0034
0035

0G36
0037
0038
0039
C040
0041

0042
0043

Iv 6 LEVEL 20 HOUBQlL DATE = 72353 11703729

c1

cl
cl
Cl

T3=(TIME-TO)/(T1-TO)

T3ML={TIME-DELTE-TO}/(T1-TO)

MULTIPLY STIFFNESS MATRIX BY INITIAL DISPLACEMENT
CALL MATMUT (IH,QN1+»XN,QLOAD1,NEQ)

DO 20 I=1,NEQ
NPI=N+I
QANINPT )=QN1{NPI)+DELTEXQN(NPI)
IF (IRSTRT.EQ.1) GO YO 10
QLOADL{II=FORCE(NPI)=-QLOADL(I)
GO 70 29
10 QLOADL(I)=QPY(NPII-QLOADL{T)+FORCE{NPT)+T3MI%=(FORCE(NPI+NEQT)~
1 FORCE(NPIL)) i
20 CONTINUE

MULTIPLY STRUCTURAL MASS MATRIX BY DISPLACEMENT VECTOR
CALL MATMUT (IH,QN,XP,QLOAD,NEQ)
TDT2=2%DT2 ’

DO 4C I=1,NEQ
NPI=N+1
IF (IRSTRT.EQ.1) GO Tn 3¢

QLOADIT)=6.*QLCAD(I)+DT2#FORCEINPI)+TOT2*QLOADLI(])
GO TO 40
30 QLOAD(I ) =6.%QLOAD(T)+DT2%QP(NPI)+TDT2%QLOADL(I)+DT 2%
1 (FORCE(NPT)+T3%{FORCE(NPI+NEQT)I-FORCE(NPI)})

40 CONTINUE

DO 50 I=1,NSIZE
NNPT=NN+IT
XNONNPI)=DT2%XN{NNPI)#6.,*XP(NNPT)
50 CONTINUE

APPLY BOUNDARY CONDITIONS
60 CALL NRESTR {(KY)
SOLVING FOR Q1 & SETTING UyP TO SOLVE FOR INITIAL ACCELERATIONS
CALL SOLVEQ (1IH)
HAVE DISPLACEMENTS BEEN DETERMINED//YES{90)
IF (IFLAG.EQ.1) GO YO 90
SAVE INITIAL DISPLACEMENTS

DO 70 I=1,NEQ
NPI=N+I
QN{(NPI }=QLOAD( )
QLOAD(I)=QLOADI(I)
70 CONTINUE

DYNCS14D
DYNCO150
DYNO9152
DYNC9170
DYNOSG178
DYNCG180
DYNQ9190
DYNO09200
DYNCGS210
DYN09220
DYNQ9230
DYNCQ240
DYNC9250
DYNC9260
DYNOG263
DYN(C 9265
DYNCS280
DYN09290
DYN09298
DYNQ9300
DYNQO9310
DYNC9320
DYNCS330
DYNCS340
DYN09350
DYN0S360
DYNC9370
DYNC9373
DYNGS3T8
DYNCS380
DYNCS390
DYNC3400

DYNC9410°

DYNCSG413
DYN(CG415
DYNC9430
DYNO9432
DYNC9450
DYNQ9452
DYN0O9460
DYNO 9462
DYNC G468
DYNCG470
DYNJ9480
DYNOS490
DYNC9500
OYNOSS510
DYNO9513

PAGE 0002

8¢-e-r



FORTRAN IV G LEVEL

0044
0045
0046
3047
0048
0049

0050
0051
0GsS2

0053
0054
0055
3056

0057
0058
0059
00690
0061
0Ce62

0063
0064
9C65

c

80

90

110

20 HgouBQl DATE = 72353

DO 80 I=14NSIZE
NNPI =NN+I
XKEEP=XN{NNP1)
XNENNPTI)=XPINNPI)
XP{NNPI)=XKEEP
CONTINUE :

IFLAG=]

GO T0O 60

CONT INUE
CALCULATE Q-1

00 100 I=1,NEQ
NPI=N+1
QN2INPIVN=DT2%QLOAD(I)+2%QNL{NPT)-QN(NPI)
CONTINUE

DO 110 1=1,NSIZE
NNPI=NN+I
‘XKEE P=XNINNPI)
XN(NNPI ) =XP{NNPI) <4, 2 XN{NNPI}
XPINNPI )=XKEEP
CONTINUE

APPLY BCUNDARY CONDITIONS TO LEFT-HAND-SIDE MATRIX
CALL NRESTR (KY)

RETURN

END

11703729

DYNO9518
DYNCG520
DYNC9530
DYNQ9540
DYNO9559
DYN(9560
DYNC9570
DYNOS573
DYNQ9590
DYNCS6C0
DYNC9610
DYNJ9612
DYNOS628
DYNC9630
DYN0O9640C
DYNO9657
DYNO966D
DYNOS663
DYNO 9668
DYNC9670
DYN0O9680
DYN09690
DYND9700
DYNOST10
DYN(9720
DYN(C9723
DYNQO9T725
DYNC9745
DYNCOT50
DYND9760

PAGE 0ONO3
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] — HOUBQ1
3-3.30 o« Fanc tional
X ofl

MATHUT

MULTIPLY STIFFNESS MATRIX
BY INITIAL DISPLACEMENT

MATHUT

WLTIPLY STRUCTURAL MASS
[ATRIX BY DISPLACEMENT
VECTOR

PPLY BOUNDARY CONDITIONS

SoLveq

OLVING FOR Q1 & SETTING
P TO SOLVE FOR INITIAL
ACCELERATIONS

HAVE
RFPLACE™ENTS
BEEN DETERMINED

7 S0

CALCULATE Q-1

SAVE INITIAL DISPLACEMENTS

_NRESTR

APPLY BOUNDARY CONDITIONS
T0 LEFT-RAND-SIDE MATRIX

9

( RETURN )



HOUBQ1l J-3.31

KouzQ1 @ o Detail Suppressed
: l1ofl
1 17 60
PROCESS -
HRCSTR
2|
18
CALL . -
THUT cALL
m SOLVEQ
PROCESS
— 5]
25 9
PROCESS
10 OCE:
PROCESS PROCESS
PROCESS PROCESS
CALL
HATHUT ' 2
| &0 2 110
r REPEATNDO LOOP REpEAT™NDO LOOP
FROGESS 2 : 29 [SONE
1 ’[ CALL
. ’ PROCESS KRESTR
PROCESS I
: 30
RETURN

12 0 13 30

PROCESS PROCESS

1.17



13=(TIME-TO)
/{T1-T0)

s |

T3MI=(TIME-
DELTE-TO)/
(T1-70)
s |

CALL MATMUT
(IH,QN1,XN,
QLOAD1,NEQ)

s ]

I=1

s

NPI=N+]

|

?N(NP1)=QH1
NPI)+DELTE®
QN(NPI)

10 19

1}+FCACE(N
FORCE (3 1e
EQT)-FORCE(RP1)

:LOAD]?Igic?l(ﬂ?l

:

.
N

CONTINUE

12 l

I=141

no 13

14 YES

CALL MATMUT
(1H,Q4,%P,
QLDAD,KEQ)

5|

TDT2=2+DT2

1.17

N i 29

NPI=N+I

19

FORCE (NP1} +T3*
FORCE (NPI+KEQT)~

CONTINUE

2|

I=141

4 YES

1=1
25 l

NNPIoRN+I

aeny

(CITEY

BLOAD{1)=6.
20 *OLOAO§])+DT2
QLOAD(1)=6,*QLOAD | [FOSCE(MPI)+
(1)+UT2%QP{NPI )+ TOT2*CLOADI(1] .
TDT2*QLOAD{ 1)+DT2* T

|ForceE(npt
21 )

HOUBQ1

Detail
lorf1l
YES
46 90
1=1 CONTIHUE
EL | a7 __]

?PI=N+6 oap
QN(NPT ) =L .

(1; I=1
s I
QLOAD(I)=
QLOADI (1) NPI=N+I
% | 1 L

Qhi2(NPI)sDT2"

CONTINUE QLOAD(I J+2+

QRI{PT) -Gl
{:21)
3 I 50 l 101

Ial+] CONTINUE

1 |
38
1o+
38 YES
1=1

NNP I=liR+]
XKEEP= X (NNPI

XN(NNPT)=XP(NNPT
XP{NXP] )= XKEEP
CONTINUE &2 [ 8o
CONTINUE
8 |
43
IsI+) I*
I=141
29
a
NO
<
<
0 | e ;
45 YES
CALL NRESTR
(ky)
. IFLAG=1
2 | |
CALL SOLVEQ
(1)

(> 12

1=

‘—-_—53__-;1

NNPIaNN+1
XKEEP=XN{NNPI

55 |
XN(NNPT)=XP
{NNPT)-4, XN

{

NNPI}
XP(NNPI=XKEEP]
6 | 1o

CONTINUE

59

CALL NRESTR
(k)

60

RETURN



FORTRAN IV G LEVEL 20

CE{INPUT)

2 X2 X2z XaEakziainka s kaksksXsisEaXs sk kakskzlieNs ke EsNs Yol EnialelalaNe ol ol aNa N el s N e N e NaN e R o

INPUT ARGUMENTS.,

KEY

OUTPUT ARGUMENTS.

ALS
ALT
COSM
DTH
FORCE
LK
NEQ
NEQT
NHNS

NNODES
NSIZE

QN
Qnl

QP

MAIN DATE = 72353 11703729
DYN(CN912
DYNCO914
DESCRIPTION - TO PERFORM THE MAJOR INPUT FUNCTIONS FOR THE DYNCQ916
DYNASOR PROGRAM. IT READS ALL CASE CINTRCL PARAMETERS DYNGCO918
AND ALL DATA CARD TYPES. SOME DATA REFINEMENT DYN(C0920
FUNCTIONS, SUCH AS CALCULATION OF THE TRIGONOMFTRIC DYNG0G22
INTEGRALS REQUIRED TO . CALCULATE THE GENERALIZED DYNQO924
NONLINEAR {OADS, ARE PERFORMED. THE FOLLOWING DYNOO926
QUANTITEIES CAN BE READ IN ~ FOURIER HARMONICS, DYNC0928
MASS AND STIFFNESS MATRICES, NODAL RESTRAINTS, DYNCC930
INITIAL CONDITIONS, SHFLL STRUCTURAL DATA, THERMAL DYN0O0932
LOADS, THERMAL EXPANSION COEFFICIENTS, CONCENTRATED DYNC 0934
RING LOADS, TEMPERATURE DISTRIBUTIONS AND GRADIENTS. DYNOC936
DYNCO938
. DYNOQ940
= FLAG GOVERNING =1) DATA INPUT FROM TAPE AND CARDS DYNCO942
=2) BYPASSING DATA INPUT DURING RESTART DYNOGC944
=3) PERIODIC OUTPUT OF RESTART CATA TO DYNOOD946
TAPE. DYNCO948
DYNCCS50
DYNLOG52
= MATRIX OF COEFFICIENTS OF THERMAL EXPANSION IN THE DYN( (G954
MERIDIANAL DIRECTION FOR THE ELEMENTS. DYNOOSS6
= MATRIX OF COEFFICIENTS OF THERMAL EXPANSION IN THE DYNCNOSSE
CIRCUMFERENTIAL DIRECTION FOR THE ELEMENTS. . DYNCOS60
= MATRIX WHOSE ELEMENTS ARE THE COSINE OF PHI AT THE DYNC0962
MIDDLE OF EACH ELEMENT. DYNOQO964
= MATRIX OF FOURIER COEFFICIENTS FOR THE CIRCUMFERENTIAL DYNCO966
TEMPERATURE GRADIENT DISTRIBUTION, DYNCO968
= MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND DYNOOS70
TEMPERATURES.. DYNCOS72
= MATRIX INDICATING THE NODAL RESTRAINTS WHICH ARE -APPLIED DYNC0D974
ON THE SHELL. DYNOOS76
= NUMBER OF EQUILIBRIUM EQUAT IONS PER HARMONIC. DYNCD978
= TOTAL NUMBER OF EQUILIARRIUM EQUATIONS FOR ALL HARMONICS. DYNCNGBO
LENGTH OF STRUCTURAL STIFFNESS OR MASS MATRIX FOR ALL DYNC0982
HARMONICS STORED IN VECTOR FORM, DYNOC984
= TOTAL NUMBER OF NODES, EQUAL T0O (NFLEMS + 1). DYNOZG86
= THE NUMBER OF TERMS IN THE STRUCTURAL STIFFNESS OR MASS DYN(0S88
MATRIX (IN VECTOR FORM) FOR A PARTICULAR HARMONIC. DYNQCSS0
= INITIAL NODAL VELOCITIES. DYNOO992
= DISPLACEMENTS AT TIME INCREMENT (N-2) BFFORE STATEMENT 100YNCO0994
AND AT TIME INCREMENT (N-1) AFTER STATEMENT 20C. DYNCJ996
= Q — PARTIAL ODERIVATIVE OF U—-NL WITH RESPECT TO LOWER DYNC0998
CASE Q AT TIME STEP (N-1). 0YNO1000

QPl

SINM

= Q - PARTIAL DERIVATIVE OF U-NL WITH RESPECT TO LOWER CASEDYNO1002

Q AT TIME STEP (N-2}.
SINE OF PHI AT THE MIDDLE OF THE ELEMENTS.

DYNO1004
DYNO 1006

PAGE €001
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FORTRAN IV G LEVEL 20

0001
3002
0003
0004
0005

0006
0007

0008
3009
0010

0011
o012
0013
0014
0015
0016
0017
oo1ls8
0019
0c20
0C21
co22
0023
0024

0025

0026

c

OO0

C1
C1

TH

10
Tl

EXTERNALS.
CALLED

CALLS

MAIN DATE = 72353 11/03/29

"

MATRIX WHOSE ELEMENTS ARE THE FOURIER COEFFICIENTS
OF THE CIRCUMFERENTIAL TEMPERATURE DISTRIBUTION,
INITIAL TIME. ’
STOP TIME.

MAIN
SETUP

TR140R
NLTERM
FRCES
THCOE
TFORCE

SUBROUT INE INPUT (KEY)
IMPLICIT REAL*8 (A-H,0-1)

COMMON
C OMMON
COMMON
1

C OMMCN
COMMON
1

C OMMCN
COMMON
COMMON
1

1

COMMON
COMMON
C OMMON
C OMMON
C OMMON
COMMON
COMMON
COMMON
COMMCN

JCHALS/ AL{167) ,CHECK{8,8)

/SLVEEQ/ XN({6550),QLOAD{204)

7QS/ QN{102C) ,QN1(1020),FORCE (2040),QP(1020),QP1{1020),
QN2(1020)

JRSTRNT/ NODRES,NCLOSE,LK{204)

/CONST/ NH,NELEMS ,NNODES yNST1ZE,NPRNTQ,NEQ,NEQT yN,NN,NHNS,
DT2,NPRNTL ,NPRNTF oI DELF, IDCOE

/PS/ XP(6550)

JTMFT/ TOTIME,DELTE,TIME,TO,T1

/GEOM/ FNUL{SC),FNU2(50),E1{50),E2(50),G(50),T(50),
SINE(51) ,COSINE(S5L) ySTNM{50),COSM{50),R(50)yPH{50),
PHP(506) y ARCL (50)

/THETAS/ THETA{20) NTHETA,NCLCST,NSTRSS

JPRINT/ IPRINT,NOIT,LL

JHARM/ NHP,IHARM(S)

/RESTRT/ IRSTRT,NPRNT,NPRNIT,ITP,TIMEP,DELTEP

/THER/ TH(50,5+2) ¢+DTH(50,5+2) s ALS{50) ,ALT(50)

/THCON/ ITELF,ITCOE NPRNTH

/CYCLE/ ITAM

/TAPES/ NT,ND,NS

/RZ/ RO(51),2(51)

DIMENSION COMENT(2C), JUNK(20), TH1{5), DTH1(S}
DIMENSION DUM(1318)
EQUIVALENCE (DUM(1),XN{1)), (XN(1),COMENT(1})

DOUBLE

PRECISION CONSTN,CONSTF,CONST1

DATA CONSTN/BHCONSTANT/CONSTL1/8H /

KEY//1010)4+2(430),3(710)

GO TO (10+430,710), KEY

READ CASE 1.D.y CASE CONTROL, AND CIRCUMFERENTIAL ANGLE CARDS
10 CONTINUE .

DYNOlOC8
DYNQ101l0
OYNQO1012
DYNC1014
DYNO10O16
DYNOl018
DYNO1020
DYNO 1022
DYNO1C24
DYND1026
DYNO1028
DYNC1030
DYNO1032
DYNO1034
DYNO1036
DYNO1038
DYNC1040
DYNO 1042
DYNQO1044
DYND1D4S
DYNO1048
DYND 1050
DYNQ1052
DYNO10S4
DYNO1056
DYNO 1058
DYND1060
DYND1062
DYNO 1064
DYNQO1066
DYNC1068
DYNOL10OT0
DYNOL10T2
DYNO10QT74
OYNN108D
DYNO1NSO
DYNO11GO
OYNO1110
DYNG1120
DYNC1130
DYNO1 140
DYNO115N

DYNO1160

DYNO1170
DYNO1172
DYNO1180
bYNO1182
DYNOl190

PAGE 00N2
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FORTRAN

0027
0028

0029
0030

0031

c032
0033
0034

0035
0036

0037
0038

0039
0040
G041l
0C42

0043
0044
09045
0046

0047
0048
0049
0050
6051

0052
0053

0054
0055
0056

0057
0058

IV 6 LEVEL

c2
c2

20
30

c2

c1

40
c2

50

60

0

20 "~ INPUT DATE = 72353 11703729

CONSTF=CONST1

WRITE (6,730}

READ INPUT DATA FOR CARD TYPE II - A
READ (ND,740) NCARDS,NT

TYPE II-8 CARDS LEFY//NO(30)

1F (NCARDS.EQ.0) GO TO 30

DO 20 I=1,NCARDS’

READ INPUT DATA FOR CARD TYPE II - B
READ (ND,750) (COMENT{J),J=1,20}
WRITE (6,800) (COMENT(J),d=1,20)

CONT INUE

CONTINUE

READ INPUT DATA FOR CARD TYPE III

READ (ND4760) TOTIME,DELTE,IRSTRT,INCRST,NCLOSE,ITELF,NPRNTQ,
IPRINT ,NCLCSTyNSTRSS ¢NPRNT y NPRNIT y NPRNTL,NPRNTF,NPRNTH,
NPRNMS

READ INPUY DATA FOR CARD TYPE IV

READ (ND,770) NTHETA,(THETA(I),I=1,NTHETA)

NOIT=1

READ FOURIER HARMONICS CARD IF NO RESTART

IF (IRSTRT.EQ.O0) READ (ND,780) NHy(THARM(I), I=1,NH}

KEYR S=0

IF (IRSTRT.EQ.1) KEYRS=1

CONTINUE

READ INFORMATION AND SHELL DESCRIPTION FROM INPUT TAPE

REWIND NT

READ (NT) NCARDS,JUNK

IF (NCARDS.EQ.C0) GO TO 60

WRITE (6,790)

D0 50 K=1,NCARDS

READ (NT) (COMENT(J)vJ 1420}

IF (KEYRS.EQ.1) GO 7O 50

WRITE (6,8090) (COMENT(J),J=1,20)
CONTINUE

READ (NT)} NHP+NELEMS,JUNK
IF (KEYRS.EQ.0) GO 7O 110

READ ADDITIONAL INFORMATION FROM INPUT TAPE FOR RESTART OPERATION

DO 70 K=1,NELEMS
READ (NT) (DUMII),1=1,230)
CONTINUE

J=5%NELEMS
READ (NT) (DUM(I).I=1,0}

DYNO1200
DYNO1210
DYNO1212
DYNO1230
DYNQ1232
DYNO1240
DYNO1248
DYNO1250
DYNQ1252
DYNO1270
DYNO1280
DYNO1282
DYNO1285
DYNO1290
DYNO1292
DYNO1320
DYNO1322
DYNO1330
DYNO1332
DYNO1340
DYNO1350
DYNO1352
DYNO1370
DYNC1380
DYNQ1390
DYNO1400
DYND14C2
DYNO1440
DYNQ1450
DYNOD1460
DYNO1470
DYNO 1478
DYNO1480
DYNC1490
DYNO1500
DYNO1510
DYNOL1520
DYNO1523
DYNO1530
DYNQO1540
DYNQ1542
DYNO 1578
DYNQ1580
OYNO1590
DYNO1592
DYNO1595
DYNJl6CO
DYNOl610

PAGE 0003
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0059
0060
0061
0062
0C63
0064

0065
0066
0067
0068

0069
00790
0071

0072
o073
0074
0075
0076

00717

0078
0379

0089
0081
3082

0083
0084
0085
0086
2387
0088

c

80
90

100

110

c
c2
cac
cac
cac
c2¢C
cac
c2¢C
c

120

20 INPUT DATE = 72353 11703729
DYNO 1618
D0 90 K=1,NELEMS DYN01620
IF (K.EQ.NELEMS) GO TO 80 DYNO1630
READ (NT) (DUM(I),I=1,6) DYNQ1640
GO TO 99 . DYNO1650
READ (NT) (DUM(I},I=1,8) DYNO1660
CONTINUE DYNO1670
DYNO1673
J=2%(NELEMS+1) DYNO1680
READ (NT)} (DUM(I1),1=1,J4} DYNC1690
J=2%NHP DYNO1760
NSIZE=10+26%NELEMS DYNO171n
DYNO1718
DO 100 K=1,J DYND1720
READ {NT) (DUM{I)4I=1,NSIZE) DYNO1730
CONTINUE DYNO1732
DYNN1735
READ (NT) NH, (IHARM{I),I=1,NH),JUNK DYNO1740
KEYRS=0D DYNG1750
GO TO 40 DYNG1760
CONT INUE . DYNO1770
WRITE (6:810) TOTIME,DELTE,IRSTRT,INCRST ,NPRNT s NPRNIT NPRNTQ, DYNO1780
1 IPRINTyNCLCST NSTRSS yNPRNTL yNPRNTF s NPRNTH, NTyNS,ND, DYNO1790
2 . NCLOSE,ITELF4NELFMS,NPRNMS ,NHy( THARM(I),I=1,NH) DYNO18CO
WRITE (6,820) NTHETA, (THETA(I),I1=1,NTHETA) DYNO1810
DYND1820
READ IN ON1 INITIAL DISPLACEMENTS Q0 DYNG1822
QN INITIAL VELOCITIES QoDOoT DYNO182¢4
XN STIFFNESS MATRIX K DYN(: 1826
XP MASS MATRIX _ M DYNO1828
FORCE LOADS : DYNO1330
NODRES NUMBER OF NODAL RESTRAINTS DYNO1832
LK LOCATION OF RESTRAINTS DYNO1834
DYNC1900
PI=3,14159 DYNO1910
RAD=P1/180. DYNGO1920
DYNO1928
DO 120 Is1,NTHETA DYNO1930
THETA{I)=THETA(I)*RAD DYNG1940
CONTINUE"® DYNO1550
DYNO1953
NNODES=NELEMS+1 DYNQ1960
NEQ=4*NNODES DYND1970
NEQT =NH=%=NEQ DYNO1980
NSIZE=10+26%NELEMS DYNO1990
NHNS=NH%=NSI ZE DYN02000
DT2=DELTE %2 DYNO2010
DYNO2018

PAGE 0004
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2089
0090
0091
0092

0093

0cos
0095
0096

0097

anes
0C99
0100
olol

0102
0103

0104
0105

0106
0107

0108

0109
0110
0111
0112
Cc113
0l14
0115

0l16
0117

o118
o119

0120
o121

140

150

170

180

190

20 INPUT DATE = 72353
DO 130 I=1,NEQT

QN{1)=0.0C

QN1(I)=2.0
CONTINUE

RESTART//YES(1250)

IF { I[RSTRT.EQ.Ll) GO TO 250

READ NODAL RESTRAINT AND INITIAL CONDITIONS CARDS.
READ INPUT DATA FOR CARD TYPE VI - A

READ (ND,780) NOORES

WRITE (6,830) NDDRES

IF (NODRES.EQ.O0) GO TO 150

DO 140 T1=1,NODRES
READ INPUT DATA FOR CARD TYPE VI - B
READ (ND,780} NP,NDIRCT
WRITE (64840) NPNDIRCT
LKUI)=4%{NP-1)+NDIRCT

CONTINUE

LK(NODRES+1)=3

LKINGDRES+2)=4

READ AND PRINT INITIAL VELOCITIES AND DISPLACEMENTS
READ INPUT DATA FOR CARD TYPE VII - A

READ (ND,780) IQN.IQN1

IF {1QN.EQ.C) GO TO 190

DO 180 IH=1,NH
N=NEQ@*(IH-1)
READ INPUT DATA FOR CARD TYPE VII -8
READ (NDy850) IN1,IN2,Q1,Q2,Q3,Q4

DO 170 INODE=INl,IN2
[FLAG=4%(INODE~1) +N
QN(IFLAG+1)=Q1
ON(TIFLAG+2)=Q2
QN({IFLAG+3)=Q3
QN{IFLAG+4)=Q4

CONTINUE

If (IN2.NE.NNODES) GO TO 160
CONTINUE .

CONTINUE
IF (IQN1.EQ.C) GO TO 230

DO 220 IH=1,NH
N=NEQ*(IH~1)

11/03/29

DYN02020
OYN0O2030
DYNO2040
DYNQ2050
DYND 2053
DYND2n55
DYND2060
DYND2062
DYNO2100
DYNO2110
DYNDO2120
DYNG2130
DYNO2138
DYNQ2140
DYNC2150
DYNG2160
DYNO2170
DYN0O2180
DYNO2182
DYNO2185
DYNOQ2190
DYNG2200
DYNO2202
DYNQ2240
DYND2250
DYNO2260
DYNO 2268
DYNQ2270
DYN02280
DYND2282
DYND 2300
DYNQ2308
DYNO2310
DYNO2320
DYNO2330
DYND2340
DYND2350
DYNO2360
DYNO2362
DYNO 2365
DYN02370
DYNO2380
DYNQO23383
DYNO2390
DYNO02400
DYNQ2408
DYNO2410
DYNQO2420
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FORTRAN IV G LEVEL 20 INPUT DATE = 72353 11/703/29
c2 READ INPUT DATA FOR CARD TYPE VII - C DYND2422
0122 200 READ (ND,850) IN1,IN2,Q1,Q2,Q3,Q4 DYNGQ 2440
o DYNG2448
0123 DO 219 INODE=IN1,IN2 DYND2450
0124 IFLAG=4%( INODE=1)+N DYNC2460
0125 ONL(IFLAG+1)=Q1 DYND2470
0126 QNLUIFLAG+2)=Q2 DYND2480
cl127 QNL(IFLAG+3)=Q3 DYN02490
ol2s QNL(IFLAG+4)=Q4 DYND2500
0129 210 CONTINUE DYND2502
. c DYND 2505
0130 1F { IN2.NE.NNODES) GO TO 200 DYN0O2510
0131 220 CONTINUE DYNO2520
C DYNQ 2523
0132 230 CONTINUE DYN02530
0133 WRITE (64+860) DYNO2540
o } DYN02548
0134 DO 240 I=1,NH DYNO2550
0135 1GQ=NEQ¥*{I-1) DYN02560
c DYNQO2568
0136 DO 240 I11=1,NNCDES DYNQ2570
0137 IX=4%(11-1) DYN02580
o138 WRITE (6+870) II,THARM{I)},QN(IQ+IX+1),QN(IQ+IX+2), DYNO259%¢C
1 QN{IQ+IX+3),QN(IQ+IX+4),QNLI{TQ+IX+1),QN1{IQ+IX¢2), DYNO2600
1 ANLLTQIX¢3) yQNLITQ+IX+4) DYNO2601
0139 240 CONTINUF DYNO2610
c DYNN2613
G140 250 CONTINUE DYN02620
014l REWIND NS DYN02630
c2 READ STRUCTURAL DATA FOR SHELL DYNO2632
c ‘ DYN0 2638
0142 DO 260 I1=1,NELEMS DYNC 2640
0143 READ (NT) ((CHECK{I4J3)sI=1,48)9J=1,8),(AL(I),I=1,166) DYNO2650
0144 WRITE (NS) ((CHECK{I,4J)e1=1,8),J=1,8),(AL(]),1=1,166} DYND2660
0145 260 CONTINUE DYNO2670
c DYNG2673
0146 READ (NT) (FNUL(IDoI=1,NELEMS )y {FNU2{1),I=1,NELEMS) (EL(I),1=1, DYNO 2680
1 NELEMS) o{E2(1) o I=1,NELEMS)y {G(I)yI1=1,NELEMS},(T(I),I=1, DYNODO2690
1 NELEMS ) DYND 2692
o DYNO 2698
0147 DO 280 I=1,NELEMS DYNO2700
0148 IF (I.EQ.NELEMS) GO YO 27D DYNDO2710
0149 READ (NT) RUIYPH{L)4PHPLI) ,ARCLUT),SINE(T)},COSINE(I) DYNGO2720
0150 GO TO 280 . DYN02730
0151 270 READ (NT) ROID)yPH{T) PHP{I),ARCLIT),SINE(I},COSINE(I)}, DYNO 2740
1 SINE(I+1),COSINE(I+1) DYNQ2750
0152 28C CONTINUE DYNO 2760
o} DYND2763
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FORTRAN IV G LEVEL

0153

0154
0155
0156
0157

0158

0159

0160
016l
0l62
0163

0l64
0165

0166
0167
0168
0169

0170

0171
0172

0173

0174
0175
0176

0177
0178
0179
0180
018l
o182
0183
Gl84
0185
0186

296

cl
c2
300

310

320

330

349

350

360

20 INPUT DATE = 72353 11/03729

READ (NT) (RO{I),1=1,NNODES),{(Z{1},1=1,NNODES)

D0 290 I=14NELEMS
COSM{1)=DCOS{PHII
SINM{T)=DSIN(PH(I

CONTINUE

INCLUDE THERMAL LOADS//NO(320)

¥)
))

IF (ITELF.NE.1} GO TO 320

READ COEFFICIENTS OF THERMAL EXPANSION CARDS
READ INPUT DATA FOR CARD. TYPE VIII

READ (ND,88G) IELM1,IELM2,ALSI1,ALTI1

DO 310 TELM=]1ELM1,IELM2
ALS{IELM)=ALSIL
ALTUIELM)=ALTIL

CONTINUE

IF ( IELM2.,NE.NELEMS) GO TO 300
GO TO 340

DO 330 IELM=1,NELEMS
ALSUIELM)=0.0
ALT(IELM)=0.0

CONTINUE

CONTINUE

PRINT ELEMENT PROPERTIES AND DESIRED STIFFNESS AND MASS MATRICES

WRITE (64890}

WRITE (64900) (I, ALSIIILALT(I)EL(])
P

) v vE2{1) o FNUL(T)4FNU2{T),G{I},
ROIDoTCI)2ARCLIT N yPHUT ) oPHP(I),

I=1¢NELEMS)
DO 370 IH=1,NHP

DO 350 JH=14NH
If (IH-1.EQ.IHARM{JUH}) GO TO 360
CONTINUE

READ (NT) (FORCE(I),I=1,NSIZE)
READ {NT) (FORCE(I),I=1,NSIZE)

GO TO 370

CONTINUE

NN=NSTZE*(JH-1)

READ {(NT) (XN(T+NN),I=1,NSIZE)
READ (NT) (XP{TI+NN)},T=1,NSIZE)

IF (NPRNMS.EQ.0) GO TO 370

WRITE (6,910) IHARM{JH}

WRITE (69920) (XN{I+NN),I=1,NSIZE)

DYNO 2770
DYNO2778
DYNO2780
DYNO2790
DYNO2800
DYNO2810
DYNO 2815
DYNO2817
DYNQO2820
DYNO 2822
DYNN2824
DYND2870
DYNQO2878
DYN02880
DYN02890
DYN0O2900
DYNQ2902
DYNO2905
DYNO2910
DYNG2G20
DYND 2928
DYNO293C
DYNO2940
DYN0O2950
DYN02960
DYNO2963
DYNN2970
DYNQD2972
DYNQ 3010
DYNC3020
DYNO3030
DYNC 3038
DYNO3940
DYNC3048
DYNO03050
DYMO3€60
OYNO3070
DYNO 3073
0YNQ3080
DYNO3090
DYNO3100
DYNC3110
DYNGC3120
GYNC3130
DYN(C3140
DYNO3150
DYN(Q3160
DYNO3170
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FORTRAN 1V G LEVEL

0187
o188
o189

0190
0191

0192
0193
0194

0195

0196
0197
o168
0199

0200

0201
0202
0203
0204
0205
02cCo
0207
0208

0209
0210
0211
0z12

0213
0214
0215
0216

370
c
Cl
(9
cl
c1

380

cl

390

OO0

400

410
c

29 INPUT DATE = 72353 11703729

WRITE (64+930) THARM(JH)
WRITE (6+920) (XP{I+NN)},I=1,NSIZE)
CONTINUE

CALCULATE TRIGONOMETRIC INTEGRALS REQUIRED TO CALCULATE
GENERALIZED NONLINEAR LOADS

CALL TRI4OR :

RESTART//NO{400)

IF {IRSTRT.EQ.0} GO TO 400

READ AND CALCULATE INFORMATION REQUIRED FNR RESTART OPERATION

NTF=2%NEQT

READ (NT) NH, {IHARMIT) »I=1,NH),JUNK

READ (NT) 1TP,TIMEP,DELTEP,TO,T1,NODRES,(LK(I),I=1,NODRES),
(FORCE(1)41=1,NTF).

READ (NT) (((TH{IELM,IH,IBP1),IELM=1,NELEMS),IH=1,NH),18P1=1,2),
(C(OTHOIELM,IH, IBP1) 4 TELM=1 ,NELEMS ), IH=14NH} ,IBPLl=1,2)

READ (NT) {QPL(T) I=1,NEQT),(QNCT),I=2,NEQT} (QNL(I},I=1,NEQT}

LK{NODRES+1)=3

LKINCDRES+2)=4

IF ([ ITP.NE.INCRST} GO TO 380

CALCULATE NONLINEAR LOADS AND STRESS RESULTANTS FOR EACH ELEMENT

CALL NLTERM (0) :

DO 390 1=1,NEQT
XKEEP=QN(I)
QAN(T)=QNL(I)}
QN1(1)=XKEEP
XKEEP=QP1(I)
QPL{I)=QP( 1}
QPIT)=QP(I}+{DELTE/DELTEP)*(QP{I]}-XKEEP)

CONTINUE
QP -~ GENERALIZED FORCES AT N+1 TH INCREMENT
QP1 - GENERALIZED FORCES AT N TH INCREMENT
QN - GENERALIZED NODAL VELOCITIES AT N TH INCREMENTY
QN1 - GENERALIZED NODAL DISP. AT N TH INCREMENT

TPRNT=T IMEP*10C00CO.

WRITE (6,940) ITP,TPRNT,DELTEP

RETURN

CONT INUE

INITIALIZE FORCE AND THERMAL MATRICES

DO 410 I=1,NEQT
FORCE(1)=0,0
FORCE{I+NEQT)=0.0

CONTINUE

DYNO3180
DYNG3190
DYN0O326G0
DYNO 3203
DYND 3205
DYNC32C7
DYNO3210
DYNO3212
DYN03220
DYNC3222
DYNQ3260
DYNO3270
DYND3280
DYNQO3290
DYNO3300
DYNO3310
DYNO3320
DYNO3330
DYNQ 3340
DYND 3350
DYNO3352

"DYNO3360

DYNO3368
DYNO3370
DYND 3380
DYNO03390
DYNO3400
DYN(C 3410
DYNC 3420
DYNC343D
DYNO3432
DYNO3435
DYNQ3450
DYNO3460
DYNO3470
DYNC 3480
DYND3482
DYN(C 3500
DYNC3510
DYNO 3520
DYNO3530
DYN03532
DYNO 3568
DYNQ3570
DYNO3580
DYNO3590
DYND3600
DYNO3603
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FORTRAN IV G LEVEL

0217

0218
0219
0220
0221

0222

0223

0224
0225

0226
0227
0228

0229

0230
0231
0232
0233

0234
0235
c236
0237

0238
0239
0240
0241

0242

0243
C244
245
0246
c247
0248

0249

c
c

440

450

460

470

480

490

2 INPUT DATE = 72353

D0 420 I=1,NELEMS

DO 420 J=1,NH
TH(T4ds1)=0e0
TH(I+4,2)=0.0
DYH{I 4d+1)=0.0
DTH(I,4,2)=0.0

CONTINUE

FIRST TIME THROUGH AND CONSTANY FORCES//NO(440)
IF (CONSTF.EQ.CONSTN.AND.KEY.NEs1} GO TO 440

GO T0 470

UPDATE FORCE AND THERMAL MATRICES

DO 450 I=1,N2QT
FORCE(I)=FORCE(I+NEQT)
CONTINUE

DO 460 [=1,NELEMS

DO 460 J=1,NH
TH(T 3 Jel)=TH(I4J,2)
DTH(TI yJ¢13=DTH{I5J,2)
CONTINUE

T0=T1
T1=TOTIME
RETURN
CONTINUE

DO 480 I=1,NEQT
FORCE({I1)=FORCE(I+NEQT)
FORCE(I+NEQT)=0.0

CONTINUE

DO 490 I=1,NELEMS

DO 49N J=1,NH
THETL o J9 11 =TH(1,44,2)
DTH{I +Js1)=DTH(1,J,2)
TH(’ 'J.2)=0.0
DTH{I 1J12,=0.0
CONT INUE

18=0

11/03/29

DYNQ 3608
DYNO3610
DYND 3618
DYND3620
DYNC3630
DYNO3640
DYN03650
DYNO3660
DYNO3670
DYNO3673
DYND3675
DYNO3710
DYNO3720
DYNO3722
DYNN3728
DYNG3730
DYND3740
DYNN3742
DYND3745
DYNO3748
DYNQ3750
DYNO3758
DYNO37¢0
DYND3770
DYNO3780
DYNC3782
DYNC3785
DYNO3790
DYNO3800
DYNQ3810
DYND 3820
O¥YNO3828
DYNC3830
DYNO3840
DYNO3850
DYNN3860
DYNO3863
DYNO 3868
DYNO3870
DYNO3878
DYNO3880
DYNC3890
DYNQO390N
DYNO3910
DYNO3920
DYNO3930
DYNO3933
DYND3940
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FORTRAN IV G LEVEL 20 INPUT DATE = 72353 11703729

0259 IF (KEY.EQ.2) IB=1 DYN03950
0251 IF (I1B.EQ.1) TO=T1 DYN (3960
c1 READ LOAD CONTROL CARD DYN03962

0252 500 READ (ND,950} T1,NCF,IDELF,IDCOE,ITCOE,CONSTF DYND3980
0253 TIM=T1 . ' DYN0399¢0
0254 IF (CONSTF.EQ.CONSTN.AND.IB.EQ.0) T1=TOTIME DYNO4NCO
0255 IF (NPRNTL.EQ.0.AND.NPRNTF.EQ.0) GO TO 510 DYND4010
: c2 PRINT LOADING DESCRIPTION DYNO4D12
0256 TPRNT=TIM%x1000000., DYNO 4050
0257 WRITE (6,96C) TPRNT,CONSTF DYNO4C6K0
c1 CONC ENTRATED RING LOADS//NO(550) DYNG4062

0258 510 IF (NCF.EQ.O0) GO TO 550 DYNG40T70
c1 READ CONCENTRATED RING LOADS DYNC40T2

c DYNO4078

0259 DO 540 IH=1,NH DYNO4080
0260 . IRl=1H-1 DYNO40S0
c READ INPUT DATA FOR CARD TYPE IX - B - 1 DYN0D4100

0261 READ (ND,972) NCF1 DYNC4110
0262 IF (NCF1.,EQ.0) GO TO 540 DYNO4120
6263 IF (NPRNTL.EQ.0) GO TO 520 DYNC4130
0264 WRITE (6,980) IHARM(IH) DYNC4140
c READ INPUT DATA FOR CARD TYPE IX — 8 - 2 DYNO4150

0265 520 READ (ND,970) INL,IN2,F1,F2,F3,F4 DYNO4160
c DYNO4168

0266 DO 530 IN=IN1,IN2 DYN041T70
0267 K=4#IN+NEQ# IH1+ IB%NEQT DYNO4180
0268 FORCE(K=3)=F1 DYNC4190
0269 FORCE(K-2)=F2 DYN0D4200
0270 FORCE(K-1)=F3 DYNO4210
0271 FORCE(K)=F4 DYN04220
0272 [F (NPRNTL.EQ.1) WRITE (6,990) IN,F1,F2,F3,F4 DYN04230
0273 530 CONTINUE DYNC4240
c DYNO4243

0274 IF (IN2.NE.NNODES) GO TO 520 DYND4250
0275 540 CONT INUE DYNC4260
c DYNC 4263

0276 . 550 CONTINUE DYNC4270
c1 DISTRIBUTED LOADS PRESENT//NO(STC) DYN04272

0277 IF (IDELF.NE.1) GO TO 570 DYNC4280
0278 REWIND NS DYNC4290
C1D0 PROCESS ALL ELEMENTS DYN04292

c DYND 4258

0279 DO 560 IELM=1,NELEMS DYNG4300
0280 READ {NS) ((CHECK(I,J),1=1,8),J=1,8),(AL(I),1=1,166) DYND4310
c1 READ DISTRIBUTED LOADS AND CALCULATE LINEAR GENERALIZED FORCES DYN04312

0281 CALL FRCES (TELM,ALPHK,IB) DYN04320
0282 560 CONTINUE DYNC4330
c DYNO 4333
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FORTRAN IV G LEVEL

0283
0284
0285
0286
9287
0288
0289
0290
€291
0292
0293
0294
0295

0296

0297

0298

0299
0300

0301
0302

03c¢3
0304
0305

0306
0307

0308
0309
0310
0311

Cl
570
c1

C1
580

590

C100
609
Ccl

c1l
clc

c1

610
620

639

640
650

20 INPUT DATE = 72353 11/03/729

THERMAL LOADS PRESENT//NO{(650)

IF (ITELF.EQ.0) GO TO 650

REWIND NS

I1BP1=18+]

READ THERMAL COEFICIENTS//NO(600)

IF (ITCOE.EQ.Q) GO TO 600

READ TEMPERATURE DISTRIBUTIONS AND GRADIENTS

READ (ND,1000) TELML,TELNM24(THLUEH), DTHLI{TIH) ,,IH=1,NH}

DO 590 ITELM=IELM1,IELM2

DO 590 IH=1,NH
DTH(IELMyIH,IBPL)=DTH1(IH)}
THOIELMyIH,IBPL)=THL1(IH)

CONTINUE

IF ( IELM2.NE.,NELEMS) GO TO 580
PROCESS ALL ELEMENTS

DO 62C TELM=1,NELEMS
READ (NS) [(CHECK{TJ)1=1,8)9J=1,8)},(AL(]1),1=1,166)
CALCULATE THERMAL COEFFICTENTS//NO(610)
If (ITCOE.EQ.1) GO TO 610
READS TEMPERATURE AND TEMPERATURE GRADIENTS AND CALCULATES
THERMAL FOURIER COEFFICIENTS
CALL THCOE (IELM,IB)
CALCULATES LINEAR THERMAL LOADS
CALL TFORCE (IELM,IB)
CONTINUE

IF (NPRNTH.EQ.C} GO TO 640

D0 630 IH=1,NH
WRITE (641C10) IHARM({IH)

DO 630 IELM=1,NFLEMS
WRITE (641020) IELM,TH{IELM,IH,1BP1),DTH(TELM,H, IBP1)
CONT INUE

CONT INUE
IF (NPRNTF.EQ.D) GO TO 670
PRINT GENERALIZED FORCES FOR EACH HARMONIC

DO 660 [H=1,NH .
KK=NEQ#*( IH~1)+IB*NEQT
KYP=THARM(IH)

WRITE (6,1030) KYP

DYN0 4335
DYNC%340
DYNC4380
DYN(4390
DYN04392
DYNO4400
DYND 4402
DYNN4420
DYNC 4428
DYNQ4430
DYND4438
DYND4440
DYNC 4450
DYN04460
DYND4462
DYNO 4465
DYNO44T0
DYNO 4472
DYNO4478
DYNO4480
DYND44SO
DYN04492
DYNO4500
DYNG4502
DYNC4504
DYN04510
DYNNGS512
DYN04520
DYNG4530
DYN04533
DYNQ4540
DYNO 45648
DYNC4550
DYN04560
DYNO4568
DYND 4570
DYNO4580
DYND4582
DYNO4585
DYN04590
DYNC4600
DYN046N2
DYNO4638
DYNO4640
DYNO4650
DYN04660
DYNO46TC
DYNO4678
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FORTRAN 1V G LEVEL

0312
0313
0314
0315

c3lé
0317

0318
0319
0320

0321

0322
0323
0324
0325

0326
-0327
0328

0329
0330

0331
0332
0333
0334

- 6335

0336
0337
03338

0339
(349
34l

0342
0343
0344
0345

660

670

680

650

700
c1

c1
710

720

1

1

29 INPUT DATE = 72353 11/03/29

D0 660 I=1,NNODES
K=KK+4%x{I~1)

DYNG4680
DYNO4 690

WRITE (6,1040) 1,FORCE(K+1),FORCE(K+2),FORCE(K+3)},FORCE(K+4)DYNO4T700

CONTINUE

CONTINUE
FORCES NUOT CONSTANT OR FIRST TIME THROUGH WITH KEY=2//YES(700)
IF (CONSTF.NE.CONSTN.OR.IB.EQ.1} GO TO 70C

DO 680 I=1,NEQT
FORCE(I+NEQT)=FORCE(])
CONTINUE

DO 690 I=1+NELEMS

DO 690 J=1,NH
TH([!J!2)=TH‘['J11)
DTH(I yJ42)=DTH(I,J,1)
CONTINUE

RETURN

CUNTINUE

IB=18+1

KEY = 1 //YES(500})

If {IB.EQ.1) GO TO 500

RETURN

WRITE RESTART INFORMATION ON TAPE

CONTINUE

NTF=2%NEQT

WRITE (NT) NH, (IHARM{I),I=1,NH),JUNK

WRITE (NT) ITAM,TIME.DELTE,TC,T1,NODRES, (LK{I},1=1,NODRES),
(FORCE(T),I=14NTF)

WRITE (NT) (({TH(IELM,IH,IBP1),TELM=1,NELEMS),IH=1,NH)},IBP1=1,2),
(((OTH{IELM,IH, 1BP1Y,IELM=1,NELEMS) y IH=1,NH}, IBP1=1,2)

QDC3=1.0/{2.0%DELTE)

QD0C2=4.0%QDC3

QDC1=3.0%QDC3

DO 720 I=1.NEQT
QP(I)=QDC1*QON(T)-QDC2*QN1( I)+QDC3=QN2( 1)
CONTINUE '

WRITE (NT) {(QPL(T),I=1,NEQT)y (QN(I),1=1,NEQT),(QP(1),I=1,NEQT}
TPRNT=TIME*1C000CO0.

WRITE (6,1050) ITAM,TPRNT

RETURN

DYNQ&T02"

DYNQ4705
DYND4TIO
DYNQ4T12
DYN04720
DYNO4728
OYN04730
DYNQO&4740
DYNQO4742
DYNO&T45
DYNDO 4748
DYN( 4750
DYN24T58
DYND4T60
DYNO4TT0
DYNG4780

" DYNO4GTS0

DYNO4793
DYNC4300
DYNQ4810
DYNC4820
DYNC4822
DYNG4830
DYNC4840
DYNO4842
DYN(. 488N
DYNC4890
DYNQ49GO
DYNJ4S10
DYN04920
DYNG4930
DYNC4940
DYNG4950
DYNC4560
DYNC4970
DYNC 4978
DYN0O4SBO
DYNC4990
DYNO4992
DYNO4995
DYNOS000
DYNCSN1C
DYNO 5020
DYNOSD30
DYNOS5040
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FORTRAN IV G LEVEL 20

0346

0347
0348
0349
0350
0351
0352
0353

0354

0355
0356

0357
0358
0359

03690
0361
0362

0363
Cies

0365

730 FORMAT
1
740 FORMAT
750 FORMAT
T60 FURMAT
770 FORMAT
780 FORMAT
790 FORMAT
800 FORMAT
810 FORMAT

O NS S WWNIN -

820 FORMAT
830 FORMAT

W NN -

840 FORMAT
850 FORMAT
860 FORMAT
1
1
2
870 FORMAT
880 FORMAT
890 FORMAT
1
1
2
90C FORMAT
610 FORMAT
1
920 FORMAT
1
1

INPUT DATE = 72353 11/03/729
(1H1,38X,44HDYNASOR-II - DYNAMIC NONLINEAR ANALYSIS OF, DYNOS5050
21H SHELLS OF REVOLUTION//) DYNOSQ60
(215} . DYNGCS070
(20A4) DYNOSC80
(2F10.044154/,1015) DYNOS0S0
(154/418F1C.0)) DYNOS100
(1615) ' DYNOS110
(7/77+2Xs46H*¥SHELL IDENTIFICATION COMMENTS FROM SAMMSOR*®%) DYNOS5120
(/5X92044) DYNOS130
{1H1,50X433HCONTROL CONSTANTS AND COMMENTS/// DYN0O5140
35Xy BHTOTIME =,F1249422X4 THDELTE =,F13,.9/ DYNDS142
35Xy BHIRSTRT =,112422Xs8HINCRST =,112/ DYNC 5144
35Xy THNPRNT =,113,22%,8HNPRNIT =,112/ DYNOS146
35Xy BHNPRNTQ =,112,22X,4BHIPRINT =,112/ DYNO 5148
35Xy BHNCLCST =4112422X48HNSTRSS =,112/ DYNO5150
35Xy BHNPRNTL =,112422X,8HNPRNTF =,112/ DYNOS5152
35Xy BHNPRNTH =4112922X,4HNT =,116/ DYNOS154
35X 4HNS =43116,22X44HND =,1164,/ DYNC5156
35X BHNCLOSE =,112422X, THITELF =,113/ DYNO5158
35Xy BHNELEMS =,112,22X,8HNPRNMS =,112/ DYNOS160
35X, 4HNH =,116/ DYNOS5162
35X, THIHARM =,5111/7) DYNOS164
(35X ¢ BHNTHETA =3112¢/35X,THTHETA =,5F1042,(/,42X,5F10.2)) DYNCS210
(//777/50%,29HNUMBER OF NODAL RESTRAINYS ISi5// DYNOS5220
S2Xy 9HDIRECTION, 12X , THAPPLIES,// DYN05222
57Xy1H1 10X, 15HAXTAL RESTRAINT/ . DYN0D5230
STXslH2 4 10X, 20HTANGENTIAL RESTRAINT,/, DYNOS232
STXs1H3,10X,16HRADIAL RESTRAINT/ DYN0S240
STXy1H4 410X 1 THANGULAR RESTRAINT,.// DYNOS5242
58Xy 15HNGOE DIPECTION/) DYNO5250
(58X 13,7Xy11) DYN05260
(215,4F10.C) . DYND5270
(IH1 47X  THINTTIAL 29X, 10HVELOCITIES, 22X, 3HAND, 19X, DYNOS5280
13HDISPLACEMENTS// DYNOS5290
4Xy14HNDODE HARMONIC ,2(3CH AXTAL TANGENTIAL DYNC5300
26H RADIAL ANGUL AR V/7) DYNNAS5310
(5X912,6X412,3%X,8D14.4) DYNO5320
(215,2F10.C) DYNOS330
(1H1 445X, 41HELEMENT ELASTIC AND GEOMETRIC PROPERTIES,/// DYNDOS5340
48H ELEMENT ALPHA--S ALPHA--T £1 E2 ' DYN(OS342
11H FNUL  FNU2,7Xy1HG, 11X, 1HR, 11X, 1HT,9X,4HARCL 49X, 2HPH, DYNO5350
10X, 3HPHP/ /) DYNOS5360
(3X11242X44D10e292F643,6D12.4) DYNOS5370
(1H1,38X%,15HHARMONIC NUMBER,IS, . DYNC5380
37H HAS THE FOLLOWING STIFFNFSS MATRIX//) DYNO5390

(2X1D16e845/92X32016e8,4/42X,3D16.84/¢2X¢4D16+89/+2X+5016.8¢/DYNQ5400
2Xy6016.89/42X2TD16.84/42X+48D16.8,4/

(2X95D01648+/2X+6016.8/2X,TD26.8/2X,8D16.87))

DYNOS410
DYNG5420

PAGE 0013
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FORTRAN IV G LEVEL 20

0366

0367
0368
0369
0370
0371

0372
0373
0374

0375
0376

0377
0378

0379

930 FORMAT
1
940 FORMAT
1
1
950 FORMAT
960 FORMAT
1
ST70 FORMAT
980 FORMAT
1
1
990 FORMAT
1000 FORMAT
1010 FORMAT
1
1
1020 FORMAT
1030 FORMAT
1
1
1040 FORMAT
1050 FORMAT

NP e

END

{1H]1,38Xy 15HHARMONIC NUMBER,IS5,

INPUT

DATE = 72353

32H HAS THE FOLLOWING MASS MATRIX//)
(1H1///7/7/75X,41HTHIS SOLUTION STARTS AFTER TIME INCREMENT, OYNOS5450
4H NO. 15,194 WHERE THF TIME WAS,F12.4,13H MICROSECONDS,/DYNGS5460

5Xy27H AND THE TIME INCREMENT WAS,D12.5////777)
(F10.0,415,A8)
(4O0HIFOLLOWING IS LCAD DESCRIPTION AT TIME =,Fl2.4,

13H MICRCSECONDS,5X,AB}

(21544F10.0)

{///20X,30HCONCENTRATED FORCES

HARMONIC ,15//

11703729

DYNQS430
DYNOS440

DYNO5470
DYNC5480
DYNOS490
DYNOS5GO
DYNO5510
DYNOS520

6 Xy BHNODE NOo 96X 4SHAXTAL 10X, LGHTANGENTIAL,10X, 6HRADIAL, DYNOS5530

THANGULAR/ )

{I10,4020.8)

(2154/4(2F10.0))
{1H] 425X 4 39HTEMPERATURE COFFFICIENTS,
10Xy L1HELEMENT NO« 91 TX,12HTEMP,
18HTEMP, GRAD.

(120,2030.5)

(1H1 25Xy 32HGENERALIZED FORCES,

COEFF.//7)

COEFF. 12X,

HARMONIC NOeoI3,7/

HARMONIC NO. 137/

DYNO5532
DYNDO5540
DYNOS5550
DYNOS560
DYNOS5570
DYNOS5572
DYNC5580
DYNOQ559¢C

6Xy8HNODE NO. y6XsSHAXTAL 13X, 10HTANGENTIAL,11X,6HRADIAL, DYNOS5600
13Xy THANGULAR///)

{19,4D19,8)

DYNOS602
DYNOG5610

(1H1///77/5%+42HRESTART INFORMATION FOR TIME INCREMENT NOD.,DYN05620

15/

DYNGS622

10Xy 22H CORRESPONDING TO TIME,F12.44913H MICROSECONDS,/ DYNJ5630

2Xe46H HAS BEEN PLACED ON TAPE FOR USE IN SUBSEQUENT,
5H RUNS//) .

DYNO 5640
DYNOS642
DYNOS650

PAGE 0014
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INPUT
Punc tiona1’ 3-¥
1 _of

2

PLAD CASE 1.D.
CASE COUTROL &
(d L

WRITE RESTAR
INFORMATION
Oid TAPE

RZL ENTIA

(d
HGLE CARDS.

UPDATE FORCE AND 40

READ INPUT DAT,

FOR CARD TYPE THERMAL MATRICES
-A ( RETURN )
4 21
TYPE 11 R RETURN
- B CARCS /
CONCENTRATED
5 [VES

READ INPUT
DATA FCR
CARD TYPE
ir-8

READ
CONCENTRATED
RING LOADS

READ [NPUT
DATA FOR
CARD TYPE
123

cAD DISTRISUTED

LOADS A4D CALCULATE

LINEAR GENERALIZED
READ FOURIER . FORCES

HARYQNICS CARD
IF N0

RESTART

9 40

REPEAT

READ MASS AND
STIFFNESS MATRICES
AND RESTART INFCR-
MATION

YE!

READ NODAL
RESTART AND
INITIAL CONDETIOH,
CARDS

12

JHERMAL LOADS

13 €S

READ COEFFICIENTS
OF THERMAL
EXPAISION CARDS

THCOE

READS TEMPERATURE AND

L TEMPERATURE GRADIENTS
TRI4OR D CALCULATES THERMAL
FOURTER COEFFICIENTS
CALCULATE TRIGONHETRIG
INTEGPALS PEQUIRED 10
CALCULATE GENERALIZED [
HOULINEAR LOADS.

PROCESS
ALL ELENMENTS




INPUT
J-3.48 _ : I"unc tional
| 2 of 2

TFORCE

CALCULATE LINEAR
THERMAL LOADS

READ AND C/LCULATE
HFORFATION REQUIRED
FOR RESTART QPERATION

NOT CONSTANT
OR 1ST TIME THRU
WITH KEY = 2

17
NLTERM 1
RN
CALCULATE HONLIKEAR YES RETY
1OADS AYD STRESS
QESULTANTS FOR EACH "
TLE®
KEY =1
1.22

‘ RETURR } 37

RETURN



1
@ INPUT J-3.49

Detail Suppressed
1l of 6
1 y \ 3
\""/
B -2
\ - n 1 23 70
DHSTF. £Q" PROCESS
CONSTN.AND.
A 1 PROCESS
YES
] 12 24
PROCESS {mrs ; WRITE
- . 25
PROCESS / READ ; PROCESS
— 26
1
CARDS™N_ vrs
PROCESS £Q.0 ] KRITE
REL
|
15 27
{ READ ; o PROCESS
% 28
8 as0
00 LOOP WRITE
— WRITE
CONE
‘ e ]
s ’ ( RETURK >
17 20
0 LOOP
PROCESS REPEAT
DONE
. 18 10
( rewmy ) PROCESS
19
READ
20
PROCESS
21
READ
22
PROCESS




J-3.50 @ |

®

1 | 15
PROCESS PROCESS
2 16 | 100

{ READ ; READ

17

3 RCaros ™\ ves

£0.0 PROCESS
O J

4
{ WRITE /

5

: ’ READ ’

6

WRITE /

7 50

DO L00P

REPEAT
DONE

8 60

&Dj
vns\vss
EQ.O/

)

10 70 18 110
{ READ } PROCESS
n 1

PROCESS WRITE

12 20

READ PROCESS
N

13 21
PROCESS FROCESS
18

22 130
READ 1 00 LOCP
REPEAT
DONE
~~ '

INPUT

Detail Suppressed

2 of 6

©

23
IRSTRT.
£Q.1

NO
24

28

WRITE

29

YES
(293.2:

PROCESS

00 LOOP
REPEAT

DONE

3 150

PROCESS




PROCESS

7 180
REPEAT | N0 L00P

H 170

CONE

16 23

PROCESS

WRITE

<

192

PROCESS

YES

SN N0

PROCESS

11 200

PROCESS

REPEAT

13 230

00 LocP

DOKRE

N2,
NELNNJDES

b

LN
rd

18

PROCESS

15

PROCESS
20

240

REPEAT

DOE

22 240

- 00 LOOP
REPEAT

DONE
@—
23 250

PROCESS

{ WRITE

00 LooP

DONE
READ ;

PROCESS

REPEAT

27

N

28

240

00 LOo°

INPUT ‘
Detail Suppresse J-3.51
3 of 6 '

PROCESS READ

}/ PROCESS
REPEAT %‘mp

DONE

REPEAT

> &
37 i’ 340
PROCESS
38
WRITE
42 350
40 350
00 LOOP PROCESS
41 43
READ READ
44
WRITE
REPEAT




INPUT ()

J-3.52 Detail Suppressed
of
! ll— 6 13 470
CALL
TRIOR PROCESS
)
L TRsTRTN_YES )
Eo.o/ . PROCESS
)
3 13 400
2
PROCESS PROCESS ST 0 LooP
>{ boNE
4 380 . 14 22 7]
READ PROCESS PROCESS
5
15 410 23 430
] 00 LooP
£0 L00P
PROCESS REPEAT RESEAT
JJcose CONE
’ 16
24 490
YES 6NE TheRsT \
+ IRCRS PROCESS REPEAT D0 L0G?
[} OONE
7 25
Gt 17 420
NLTERM “RePEAT o Loop PROCESS
DORE
, .E 26 500
8
READ
PROCESS
27
] 390
PROCESS
REPEAT D7 L0%P
DONE
10
PROCESS
n
BRITE : PROCESS
30
12
( RETURN ) VRITE




PROCESS

READ ;

520

REPE

WRITE

4 YES
KCF1.EQ.0 v
NO
5
{ WRITE )
§

INPUT

600
Detail Suppressed O J-3.53

5 of 6

PROCESS

PROCESS

20

TCOE.

no

DONE
&
12 550

PRCCESS

(:E:) 5.13

2]

READ

22

EQ.0

YES

580

PROCESS

2
DO L
REPEAT

24
REPEAT DO L00F

DONE

00P

DORE

590

§50

26 600

READ

N

YES

OONE

PRHTH, EQ—TES
0

NO

{ WRITE

33

36 680

PROCESS

@EE) 6.1



INPUT

J-3.54 Detail’ Suppressed °
6 of 6
z
PROCESS
3
WRITE
L]
PROCESS
5
WRITE

10 15 700

8

PROCESS . , PROCESS

PROCESS

12 690
00 togP
REPEAT
13 890
00 LOOP.

14
( " RETURN )




2

7.1

DO 450 1=1,NEQT
FORCE(I)’FORCE

(1+MEQT)
450 CONTINUE

I=1

J=3+1

10
J.LE.NH

{yes

o
n

I=14]

T0=T1
Ti=TOTIME

INPUT '
Detail J-3.95
1l of 9

16

CONSTF=CONSTY

17

WRITE (6,
730)

18
READ (ND,
740)

NCARDS ,NT

19

YES
ICARDS . EQ.

Ho
20

24

I=I41

-LE .NCARD

23

26 Y 10

CONTINUE

27

NTF=2*NEQT

33

WRITE (NT) ({{TH(IELY,
1H,18P1), [ELI=1 NELE!S
Ha1,8H),18P141,2),

(({STH{IEL:, IH,iBPY),
TELM=1,RELEYS)  IH=T,
NH), 1BP1=1,2)

3

QOC3=1,0/(2.0*

DELTE)
QDC2+4.0%QDC3
Q0C1=3.0%Q0C3

32

DO 720 I=1,NEQT

?v(xf-oncﬂquq
1)-QDC2*QN1(1)

+00C3*q2(1)

720 CONTINUE

WRITE (NT)
(QP1(1),1=1,

35

WRITE (6,
1050)
ITAM, TPRNT

36
RETURN

J



J-3.56

READ (ND,760) TOTIME
DELTE, IRSTRT, INCRST,
NCLOSE, ITELF ,NPRNTQ,
IPRINT NCLCST,NSTRSS,
NPRNT ,NPRNIT,KPRITL,
NPRNTF ,NPRNTH, NPRNMS,

READ (ND,
770) NTHETA
{THETA(L),
1=1,NTHETA)

NOIT=1

KEYRS=Q

g
IRSTRT.EQ.

YES

KEYRS=1

CONTINUE

11

REWIND NT

1
READ (NT)
NCARDS,

JUNK

NCARDS. £Q. 152

4

CONTINUE

20

Kek+)

K.LE.NCARD

24

DO 70 Ke1,NELEMS
READ (NT) (DUM
J11,230)
CONTINUE

JeGYHELEMS

Ho

2,27

INPUT
Detail
2 of 9

k=1

> <
‘L 99

CONTINUE

Kak+l

.LE.NELENS

1O
34

J=2*
(NELEMS+1)

35

READ (NT)
(oum{1),
21,9

36
Je2*NHP

NSI12E«10+26*
NELEMS

37

00 100 Kk=1,J
READ (NT) (DUM
(1),1=1,NSI2E)
100 CONTINUE

Né).JUHK

KEYRS=0

2.10



il

1 110

CONTIUE

WRITE (6,810) TOTINME,
ZLTE, IRSTRT, INCRST,

NT,NS,ND,NCLOSE,
TELF NELEHS, NPRIKS ,
Y RN

PI=3.14159
RAD=P1/180.

DC 120 Is,NTHET.
THETA(1)=THETA
I)*RAD

)
120 CONTINUE

NHODES=NELEMS+1
KEQ=4*ANODES
NEQT=NH*REQ
NST1ZE=10+26 *NELEMS
NHNS=NH*NS IZE
OT2=DELTEY*2

I=1

Qu{1)=0.0
QNT(1)=0.0

CONTINUE

ERE]

4.27

15
00RES . EQ

0
RO

1=}

3
Cd

READ
(ND,780)
RP,NDIRCT

e
(6,840)
IRCT

LK(1)=4*
(NP-1)+
NOIRCT

I=1+1

<LE.NODRES

INPUT
Detail
3 of 9

<'—o;>J-3.57

26

IH)

>
>

23 ]

LK(NODRES+
1)=3
LK(HODRES+

2)=4

2
READ (ND,
80

7
10N, 10N

2!

27,

sNEQ*(IH-1)

INODE=INT

YES

N

1

g:’IFLA +3

¢

FLAG=4*( INODE -

1)+
hglFLA +1}=aQ1
I TFLAS+2 'gg

=04

R(IFLAGH

33 170

CONTINUE.

32

INODE=INODE
+]

CONTINUE

36

TH=1KH

Y

lQN.fE;g”'

NO

©

3.26

4.1



J-3.58

CONTINUE

IQN1.EQ.

R=NEQ*(IH-1)

YES

IFLAG'4'(INODE-

l
X G+] )= }
N AG+2)=
N1 IFLAG#
N] IFLA‘H

YES

CONTINUE

12 220

CONTINUE

13

IH=IH#)

14
H.LE.NH

o

15 230

CONTINUE

1Q=HEG*(1-1)

1x=4*(11-1)

(10+xi«1).ou1(xao:x+
'(') 1(1~w3,.e~\

N=Nn+

I=141

INPUT

Detall
4 of 9

27 250

CONTINUE

28

REWIND NS

29

11=1

1=1,8),J=1,8),
(AL(I),I=1,
166

32 260

CONTINUE

33

N=114}

READ (KT) (FHUI(I
l-l LNELEMS),, (FNU2(
1,KELEMS), (ET(I),
-1 hELzrs; ész(x).
1=1,NELEMSS, (G(1),
=1,KELENS), (T(1),
§=1,NELENS)

IN
1),

5.1



I=1

(NT) R

(1),PH(1),PHP
(1) ARCL(1],
HE{T),

READ (NT
(1),PHP( I} ,ARCL
(1),SIME{T

COSINE(I), smz(x«
1),COSINE(I+1)

V3

>
S

280

CONTINUE

1=14]

I.LE.NELEM

8

READ (NT)
(RO(1),1=1,
um_m:;).(l

€0S¥(1)=DCOS
(PH{I))

Sll\“(! =DSIN
(1))

CONTINUE

12

I=141

YES

n
1.LE.NELEM

NO

R(I),PH

15 320 390
gun.
1ELM=Y T1ELM2
LYI
~
Cd
16 Al
ALS’ IELH) .
MT ( mn) 1ELM=1ELMI
>
7 330 22
FR
CONTINUE ALT(IELM)
«ALTI
18 23 310
TEWM=TELMEY CONT INUE
24
IELMIELMH]

2.¥ 30

CONTINUE

28

WRITE
(6.890)

49
Yes i

4
INPUT
Detail J-3.59
5 of 9
30
Thel
3
JHa1
2
80 a. Thamm >t
{CH)
3 150 360
CONTINUE COATINUE
39
) KtiaNSI2E*
JH=is1 (JH-1)
READ (KT)
ORCE(1),
44
WRITE (6
920)
{XN(I+NN)
a5’
WRITE (6,
930
THARM(JH)
Y
47 Y 370
CONTINUE
48 I —
Ha 1)

6.1



CALL
TRI4O0R

YES

DELTEP,T0,T1,NQDRES,
(LK(1},1=1,NODRES),
(FORCE(I),I=1,NTF)

IH, TBP1), TELM=1,
NELEMS), I=1 NH],
1BP1=1,2), (((DTK
(1ELM,Tn, 181},
1ELM=1,HELEMS), THe1,
NH),18P1=1,2)

READ (NT) ITP,TINEP,

READ (NT) {((TH(IELM

READ (KT) (0°1{1).
I=1,HEQT), (OR(I),1=1
NEQT;.(QNI 1),1=1,

NEQT

8

LK(HODRES+1)
=3

LK(KODRES+2)
=4

g
1P

NE. INCRST

NO

CALL
H%TERM
0}

O
6.1

12

XKEEP=QN(I)
QN(1)=Q1(1)
QNT(1)=XKEEP
XKEEP=GP1(1
QP1(1)=GP{1
QP(I)=QP{I)+{DELTE/
DELTEP)*(QP(1)}-XKEEP)

13 3%

CONTIRUE

I=14]

15
YES ‘1l!=|’H:E"

KO

16

TPRRT=TIMEP
*1000000.

E (6,

INPUT
Detail
6 of 9

CONTINUE

20

Is1

FORTE(1)=0.0
FORCE { I+NEQT
=0.0

CONTINUE

23

I=141

YES

27

™(1,9,1)=0.0
H(1,9,2}=0.0
DTH(1,9,1)=0.0
0TH{1,9,2)=0.0

28 ~ 420

CONTINUE

29

30
LE.NH

NO

3t

I=1+1

32

1.3




CONTINUE

YES

3

FORCE
FORCE
=0.0

roaczg e
I4NEQT

1¢NEQT;

4 480

CONTINUE

I=131

=1

J=1

LYes

18=0

16
NO

YES

18=1

To=T1

READ (N3,950)

WNCF, T0ELF,
DCOE, ITCOE,
CONSTF

TIHaT]

T1=TOTIME

NPRNTL.EQ.O.

CONTINUE

J=J41

12

I=1+1

ND.NPRNTF.EQ.0

TPRNT=TIM#
1000000,

26

WRITE (6,
960)
TPRUT,CONSTF)

28

1H=1

8.4

INPUT
Detail
7 of 9

K
J-3.61

29

IH=1H-1

30
READ (nD,
$70)

NCF1

31
NCF1.EQ.0

NO

2
NPRATL.EQ
0

0

33
WRITE (6,

930)
HARM(IH)

34

READ
IN1,IN2, A0
F2,F3,F4

35

IN=IN1

35

K=4*IN+REQ*IH]+
IB*NEQT

FORCE(K-2}*F2
FQORCE .

QRCE(K)=

37

39 530

CONTINUE

40

IN=IN+1




540,

J-3.62

1 540

CONTINUE

[H=1H#]

HO
li!’ 4 550

CONTINUE

5
IDELF.NE.

YES

no

REWIND NS

TELM=1

READ (NS) ((CHECK(I,
d),1=1,8),4J=1,8) (AL
(1),1=1,166)

CALL FRCES
(IELM,ALPRHK,
18)

10 560

CONTINUE

1

1ELM=TELM+Y

YES .
. LELNELEMS

8.13

$79

INPUT

Detail’
8 of 9

REWIND NS

15

1BPI=1B+]

16
TCoE. £Q.0H-1ES

NO

READ (ND,1000) IELM)
1ELM2, (THI{ TH) ,OTHT
(IH),IH=1,8H)

18

TELM=TELM]

20

9.1

READ (NS) ((CRECK(I,
J),1=1,8),J=1,8), (AL
{1),i=1,1¢8}

CALL
THCOE
(1ELM,IB)

k] F: 510

CALL
TFORCE
(IELM,1B)

32 | 620

CONTINUE

n |

TELM=IELN+Y

DTH(IELM,IH,
18P1)=0TH]
TH(IELM, IH,
1891 )=THI(IR)

2| sw

CONTINUE

22

IH=THH]

23
YES

IH.LE.NH

NO

24

TELM=IELMHT

YES

WRITE (6,1020) IELM,
TH(IELM, IH,1BP1),DTH
(1ELM,IH,18P1)

CONTINUE

a_|

IELM=1ELM+]

42

43 HO

THelH+1

coTINE




£50 ()

INPUT
Detail J-3.63
13 670 9 of 9
1
NPRUTIL.EQ. YES 4 CONTINUE
Ho
2
IH=1
CONSTF .NE, CONSTN. 08, 18 >—ES
€4.1
3
KK=NEQ*( IH-T)
+18*IEQT
Y= IHARM{ IH) | 25 700
DO 680 1=1,NEQT
FORCE ( I+NEQT) = CONTINUE
4 FORCE(1
680 CONTINUE
WRITE (6,
1030) l
KYe 16 26
11 181841
5
= 17
3=
5 : 7.20
Kekk+4*({1-1) 18 28
1.0.2)=
21.3.1; ™ RETURN
OTH(1,3,2)=
7 DTH(1,J,1)
WRITE (6,1040) 1,
FORCE(k+1] , FORCE (ke 19 5%
2),FGRCE(K+3) , FORCE
(x+4) CONTINUE
8 660 20
 CONTINUE 3311
9
=141
10
Y .LE. NNODE Ia111
NO
1
HaIH#Y
: ComaD
RETURN
fH.LE.NH _
)
670

9.13



FORTRAN 1V G LEVEL 20 MAIN DATE = 72353 11703729

0001
o002

003

0604
cons
0006
G007
ocos
0009
0010
0011
G012

0013
0014
0015

0016
ool7
0018

E (MAIN)

DESCRIPTION - TO CONTROL PROGRAM FLOW,., IT PERFORMS THE
INPUT/OUTPUT FUNCTIONS FOR CASE DATA. PROCESSING
IS CONTKOLLED BY INCREMENTING THE INDEPENDENT
VARTABLE, TIME, WHOSE INDIVIDUAL VALUES ARE USED
TO SUPPLY THE SHELL DISPLACEMENTS THROUGH INTEGRATIGN
OF THE EQUATIONS OF MOTION. THE NONLINEAR {DADS
AND STRESS RESULTANTS FOR THE SHELL ARE ALSO CALCULATED.

INPUT ARGUMENTS.
LARGE = CONSTANT WHICH CONTROLS TERMINATION OF THE PROBLEM
IF DISPLACEMENTS BECOME EXCESSIVE.

NEQT = TOTAL NUMBER OF EQUILIBRIUM EQUATIONS FOR ALL HARMONICS.
EXTERNALS.
CALLS
INPUT
NLTERM
SETUP

(sXzRelzisNeNalsNalalisNaNalolaleNa el NaNa el

IMPLICIT REAL#*8 (A-H,0-1)
COMMON /QS/ QN(1020) ,QN1(1020),FORCE(2040},QP{1020),QP1(1020},

1 QN2(1020)
COMMON /CONST/ NH,NELEMSyNNODES \NSTZE ,NPRNTQsNEQ/NEQT yN,NN,NHNS,
1 DT2,NPRNTL ,NPRNTF,IDELF,IDCOE

COMMON /TMFT/ TOTIME,DELTE,TIME,TO,T1

COMMON /PRINT/ IPRINT,NOIT,LL

COMMON /HARM/ NHPoIHARM(S)

COMMON /RESTRYT/ IRSTRT,NPRNT,NPRNIT,ITP,TIMEP,DELTEP
COMMON /CYCLE/ ITAM

COMMON /TAPES/ NTNDyNS

DIMENSION CARD{(20)

EQUIVALENCE (ON(1),CARDI(1))

DATA TEST/4HEND /

C
Cl (I0) READ AND WRITE THE NUMBER OF DATA CASES AND INPUT DATA FOR ALL
c1cC CASES
c
c READ INPUT DATA FOR CARD TYPE 1
READ (5,110) NCASES,ND,NS
WRITE (6,120} NCASES
NCASE=0
€2 READ AND WRITE INPUT DATA FOR ALL CASES
REWIND ND
10 NCARD=0
NCASE=NCASE+1

DYNASOR II  #k&x VERSION 6 SRk DOUBLE PRECISION %%k DYNOOO10

DYNOON12
DYNCOO14
DYNOOO16
DYNGOO18
DYNDOO20
DYNCOO022
DYNOGO24
DYNCODO026
DYNQOO28
DYNCOO030
DYNC0032
DYNODO34
DYNODOD36
DYNDOQO38
DYNC0040
DYND0042
DYNOOQ44
DYNC 046
DYNODO48
DYNCOO0S0
DYNC QOS2
DYNCOO54
DYNGOOS56
DYNOCOSS
DYNGON60
DYNCTC62
DYNCOGT0
DYNCOOB8O
DYNOCCSD
DYNCOLCO
DYNCO110
OYNCC120
OYNCO130
DYNCO140
DYNCO150
DYNCC152
DYNCO154
DYNCO156
DYNCO158
DYNCO190
DYNCO0200
DYNOOQ210
DYNC0220
DYNCO230
DYNOQ260
DYNCO0270
DYNCO0280

PAGE 0001
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0019
0020
0021
0022
0023
0024
0025
0026
0027
0928
0029
0030
0031
0032
0033
0034
0035

0036
0037
0238

0039

0040
0041
0042

0043
0044
0045
046
0047
2048
0049

0050
0051

0052
0053
0054

0055
0056

20

30

40

50

60

70

c1D0

ClIF

Cl

80

20 MAIN DATE =

MPRINT=0

READ {5,130) CARD

IF (CARD(1).EQ.TEST.AND.NCARD.EQ.0) GO TO 40
NCARD=NCARD+]

IF (CARD(1)NE.TEST) WRITE (ND,130) CARD
IF (MPRINT.NE.,O) GO TO 30

WRITE (6,140) NCASE

WRITE (6,150)

MPRINT=5000

MPRINT=MPRINT=-1

WRITE (65160) CARD

IF (CARD{1).NE.TEST) GO TO 20

IF (NCARD.NE.1l) GO TO 10

NCASE=NCASE~1

IF (NCASE.NE.NCASES) WRITE (6,170)
REWIND ND

NCASE=0

CALL INPUT (1)
NCASE=NCASE+1
LARGE=D

IS THIS A PROGRAM RESTART //YES{T0)
IF (IRSTRT.EQ.1) GO TO 70

00 60 I=1,NEQT
QP1(1)=0.0
CONT INUE

BEGIN TIME INCREMENTS

1TP=0

TIMEP=0.0

70=90.0
KKP2=ITP+{(TOTIME-TIMEP+DELTE*.0CL)/DELTE
NOI T=KKP2

Li=1

IF ( IRSTRT.EQ.1) LL=ITP+]

PROCESS ALL TIME CYCLES

DO 90 ITAM=LL,KKP2
TIME=TIMEP+({ ITAM-ITP)*DELTE
TIME GT. T1l{I)//NO(80O)

IF (TIME.LE.T1) GO TO 80
IF (ITAM.EQ.KKP2) GO TO 80
T0=T1

72353

CALCULATE GENERALIZED FORCES FOR TIME Tl(Iel)

CALL INPUT (2) '
CONTINUE

11/03/29

DYNCOQ290
DYNCD300
DYNGO310
DYNCO0320
DYNCO330
DYNOO340
DYNDO0350
DYNCO0360
DYNCO370
DYNOD380
DYNC 0390
DYNQO4CH
DYNCOQ410
DYNQO420
DYNCQ430
DYNC0440
DYNCO0460
DYN(C 0462
DYNCOQ4T0
DYNCO480
DYNOCG490
DYNQOQ492

DYNCO494

DYNCO5Q0
DYNOOS08
DYNCO510
DYNC0520
DYNCO0S530
DYNOO533
DYNC G535
DYNCOS550
DYNC0O560
DYNCOS70
DYNCOS80
DYNCO590
DYNCQ600
DYNQOO610
DYNDOS&12
DYNOO618
NYNC0620
DYNCO063C
DYNG0632
DYNC0640
DYNC0650
ODYNCO660
DYNOC662
DYN0O670
DYNQO680

PAGE 0002
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FORTRAN IV G LEVEL 20 MAIN DATE = 72353 11703729
Cl SOLVE EQUATIONS OF MOTION AND CHECK STABILITY OF NUMERICAL DYNC (682
c1ic ’ SOLUTION,. DYNCO68B4
0057 CALL SETUP (ITAM,TIME,LARGE) DYNC 0690
cl DISPLACEMENT TOO LARGE FOR STABLE SOLUTION//YES(100) DYNC. 0692
0058 IF (LARGE.EQ.1l) GO TO 100 DYNCOT700
JC59 90 CONTINUE -DYNGOT10
c DYNGOT13
0060 ITAM=KKP2+1 DYNOOT720
0061 TIME=TIME+DELTE DYNGCC730
Cl CALCULATE NONLINEAR LOADS AND STRESS RESULTANTS FOR EACH ELEMENT DYNOOT732
0062 CALL NLTERM (ITAM) DYNOC 740
c1 ARE ALL CASES PROCESSED//NO(50) OYNGQ742
oCce3 100 IF (NCASE.LT.NCASES) GO TO 50 DYNCO750
0064 WRITE (6,180) DYNO2760
00665 sSTOP DYNGCTT0
c DYNOQ780.
0066 110 FORMAT (315) DYNGO790
ouve7 120 FORMAT (1H1,///+30X,31HTHE NUMBER OF CASES TO BE RUN =,15) ODYNC2800
0068 130 FORMAT (20A4) DYNCO810
0C69 140 FORMAT (//78H1 NCASE=,11//,28X22HPRINTOUT OF INPUT DATA,/} DYNGNB20
€070 150 FORMAT (13X42H1048X,2H20+8X92H30,8X,2H4048X,2H5048X92H6C+8X,2HT0y DYNOC2830
1 8X,2H80/ 0YNOGB40
1 5X,8(10H1234567890})/) DYNCO0850
Go71 160 FORMAT (5X,2044) DYNQCB860
0072 170 FORMAT (50H THE NUMBER OF INPUT CASES DOES NOT AGREE WITH THE, DYNOO8TO
1 22H VALUE OF NCASES INPUT) DYNO0BSO
0073 180 FORMAT (1H1//10X,18HALL DATA PROCESSED//10X,11H « « » STOP) DYNGOB90O
0674 END DYNOOS00

PAGE 0003
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J-3.68

MAIN

{

READ

3 10

PROCESS

R
CEQUTEST.ANCY
MCARD.
v0.0

PROCESS
12 l 30
PROCESS

PeACESs

&9 i

MAIN

Detail Suppressed

c’ 1l of 1

17

18

PROCESS

;

CALL INPUT|

21|

PROCESS

PROCESS

—
z

PROCESS

” )
YES

27 (3 32

PROCESS PROCESS

3 |

CALL INPUT
CALL NLTERM

ro
>
K
3

CALL SETUP

D0 LOOP

36

( RETURN )

1.20



MAIR

READ (5,110)
NCASES,ND, N5

WRITE (6,120)
NCASES

NCASE=0
REWIND NO

. 4 I 10

NCARD=0
NCASE=NCASE+?
MPRINT=0

CARD(1).
n.C.7eST

M2RINT=
NPRINT-Y

REWIND KD
NCASE=0

@'—_2—% 50

CALL INPUT (0

23|

NCASE=RCASE+)
LARGE=0

2
YES

25 ]

0O 60 I=1,NEQT]

QP1(1)*0.0
CONTINUE

%6 |

1TP=0
TIMEP=0.0
T0=0.0

27 7

K¥.P2= ITP+(TOT [#Z]
[TIMEP+DELTE*.0CT)
DELTE
ROIT=KKP2
ti=)

LL=ITP4]

ITAM=LL

I

TIME=TIMEP+

(1TAM-1TP)*
DELTE

CALL INPUT (2

¥ [Swm o

CONTIRUE

37 l

CALL SETUP
(1TAM,TIME,
LARGE )

MAIN
Detail J-3.69
1 of 1

®

40

TTAM= ITAM

ITAM=KKP2+1
TIME=TIME+
DELTE

43

CALL
NLTERM (ITAM)




FORTRAN IV G LEVEL 20 MAIN DATE = 72353 11/03/29 PAGE 0001
CE (MATMUT) DYN10852
c DYN1CB54
c DESCRIPTION = TO MULTIPLY AN INPUT VECTOR BY THE STIFFNESS MATRIX DYN108S6
c DYN108S8
C INPUT ARGUMENTS, DYN10860
C FORCE = MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND DYN10862
c . TEMPERATURES. . DYN10E64 .
C IH = HARMONIC KEY. DYN10866
C 11D = VECTOR RANK IN MATMUT. DYN10B868
C STIFM = STIFFNESS MATRIX. DYN10870
c ‘ DYN10872
C EXTERNALS., DYN1QB74
C CALLED BY DYN10876
C HOUBQ1 DYN10378
c HOUBQN DYNLO8RO
C bYNl0B8&2
9201 SUBROUTINE MATMUT (IH,FORCE,STIFM,A,I1ID]) DYN10884
0002 IMPLICIT REAL*8 {A-H,0-1) DYN1C886
0003 DIMENSION A(204)y STIFM(6550), FORCE(1020) DYN10888
c1 MULTIPLY INPUT VECTOR BY MATRIX DYN10890
c DYN10938
0004 DO 10 I=1,I1D DYN10940
nCos A(1)=0.0 DYN10S50
0c06 10 CONTINUE DYN10952
C DYN1G955
coar NN=L1D/4 DYN10960D
acos NT=26%(NN-1}+10 : DYN10S70
2009 ) NK=NT*(TH-1) DYN10O980C
¢010 NF=1ID*(IH-1) DYN10O9SN
col1l NA=NK DYN11000
c DYN11008
0012 DD 20 J=1,4 DYN11010
c DYN11018
0013 DO 20 I=1,J DYN11020
C0ls NA=NA+] ’ OYN1103C
0015 A(L)=A{T)+STIFMINA)*FORCE(NF+J) DYN11249
¢ols6 20 CONTINUE DYN11042
c DYN11045
0017 Al2)=A(2) +STIFMINK+2)2FORCEINF+1) DYN11C50
0018 A(3)=A(3)4STIFM(NK+4)*FORCEINF+1) +STIFM(NK+S5)1%FORCE(NF+2) DYN11060
0019 AC4)=A(4)+STIFMINK+T)*FORCE(NF+L)+STIFM(NK+8)&=FORCE(NF+2)+ DYN110O70
1 STIFMINK+9)*FORCE (NF+3)}) DYN11080
0020 NKK=NK+10 DYN110990
0021 NM1=NN-1 DYN11100O
c DYN11108
0022 DO 40 I=1,NMl . DYN11l1l10
0023 NI=4*{]-1) OYN11120

0024 NFRF=NF #NI DYN11130

oL e-C
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0025
0026

0Cc27
J028
0029
0030
C031

0n32
on33
0034

0035
0036

c

30

40 CON

RET
END

MATMUT DATE = 72353

DO 40 J=5,8
JMl=J=-1

DO 30 L=1,JM]
' NKK=NKK+1
AINI#L)=A(NI+L) +STIFM(NKK}*FORCE(NFF+J)
A(NI+J) =AINT+J)+STIFMINKK)®FORCEINFF +L)
CONTINUE

NKK=NKK+1
A(NI+J)=AINTI+I)+STIFM(NKK) *FORCE(NFF+J)
TINUE

URN

11/03/729

DYN11138
DYN111l4Q
DYN11150
DYN11158
DYN11160
DYN11170
DYN11180
DYN11190
DYN11192
DYN11195
DYN11200
DYN11210
DYN11212
DYN11215
DYN11220
DYN11230

PAGE 0062
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J-3.72

MATMUT

1

MULTIPLY IHPUT
VECTOR BY MATREX

2

( RETURN )

MATMUT
Functional
1l of 1



MATMUT J-3.73
Detail Suppressed
lofl

( MATHUT )

PROCESS

PROCESS

PROCESS

PROCESS

PROCESS

RETURN



J-3.74

MATIUT

1
0 10 1=1,11D
10 A(1)=0.0

2
Wi=T10/4
NT=26'§NN-] +10

NK=NT*(IH-1
NF=110%(INH-1)
MK

> 20
UARAR]

A(1)=A{1)+STIRN
(HAY*FORCE(NF+])

s |

I=19

YES 2

J=J+]

YES 9

NO

19
B2 Y=A(2) ST IFR(RK2)
PRORCE(:iF+1) )
h{3)=A3)+STIMN(NK+4
'%c%cs(ng+1)+575rm(nx*5)
PFCRCE(1F+2)
L(4)=A(4)+STIFM(NK+T)*
FORCE(NF+1)+STIMA(NK+8)
-Foacsg::oz}«srx;n(ux1+9)
FFORCEINF+3
MO 1 I B

"

1.2

() MA TMUT
Detall
12 lofl

N1=4*(1-1)
NFF=NF+NI

1]

Ja§

JH=J-1

NKK=NKK+1

17 I

A(HI+L)=A(NI+
L)+STLFI{NKK)
*FORCE(IIFF+d)

I
e 7| 30
A(R1+d)=A(NI+d)+

STIFM(iiKK)*FORCE
{NFFeL)

L=L4]

ves L

2 Ho
N(K=NKK+]

A(MT+9)=A(NI
J)+STIFK(NKK)
*FORCE (NFF+J)

2 |

40

Jag+l

NO

I=141

RETURN
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0001
0602
ogo3

0004
0005

c006
0007

Jco8
CC9

20 MAIN DATE = 72353 11703729
CE(NLTERM) DYND6532
c : DYNG6534
c DESCRIPTION - TD PROCESS ALL ELEMENTS TO OBTAIN THE DYNC6536
c GENERALIZED NONLINEAR LOADS. IF STPESS COMPUTATIONS DYND6538
c ARE REQUIRED, THEN THE STRESS RESULTANTS AND STRESSES DYNC6540
c ON THE UPPER AND LOWER SHELL SURFACES ARE COMPUTED DYNC6542
c AND PRINTED OUT. DYNO 6544
c DYNG 6546
C INPUT ARGUMENTS, DYND6548
c El = MATRIX CONTAINING THE YOUNG'S MODULUS IN THE MERIDIANAL DYNO6550
c DIRECTION FOR EACH HARMONIC. DYNO 6552
c £2 = MATRIX CONTAINING THE YGUNG'S MODULUS IN CIRCUMFERENTIAL DYNN6554
c DIRECTION FOR EACH ELEMENT. DYND6556
c FNUL = MATRIX CONTAINING THE VALUES OF POISSAN'S RATIC FOR DYNC 6558
c EACH ELEMENT. DYNO 6560
c FNU2 = MATRIX CONTAINING THE VALUES OF POISSON'S RATION FOR EACHDYNO6562
c ELEMENT. DYNC 6564
c G = SHEAR MODULUS, G (FCR AN ISOTROPIC MATERIAL DYNC 6566
c G = (E/72)%(1 + NU)), DYNO6568
c QPR = - PARTIAL DERIVATIVE OF U-NL WITH RESPECT TO LOWER CASE QDYNC6570
c T = MATRIX OF ELEMENT THICKNESSES. DYNG 6572
c DYNC 6574
C OUTPUT ARGUMENTS. DYNO6576
< QP = Q - PARTIAL DERIVATIVE OF U~NL WITH RESPECT TO LOWER DYNC6578
c CASE Q AT TIME STEP (N-1). DYNGE580
c DYNO6582
C EXTERNALS. DYNO 6584
c CALLED BY DYNC 6586
c MAIN DYNO 6588
c INPUT DYNC6590
c SETUP DYN06592
c CALLS : ~ DYNC6594
c QPRI ME DYNC 6596
c STRESS DYND 6598
c . DYNO6600

SUBROUTINE NLTERM (ITAM) DYNC6602
IMPLICIT REAL*8 (A-H,0-2) DYNC 6604
COMMON /CONST/ NH,NELEMS,NNODES,NSIZE,NPRNTQyNEQ,NEQT4N,NN,NHNS, DYNO66C6
1 DT2,NPRNTL ,NPRNTF ,IDELF, [DCOE DYNO66C8
COMMON /TMFT/ TOTIME,DELTE,TIMF,T0,T1 DYNO6610
COMMON /&S/ QNULC20),QN1(1020),FORCE(2740),QP(1C20),QP1(1020), DYN06612
1 ON2{1020) DYND6614
COMMON /GECM/ FNUL(50) ¢FNU2(50) ,EL{50),E2(500,G(50),T(50), DYN06616
1 SINE(51) ,COSINE(51),SINM(5C),COSMI5C) ,R{50),PH(50), DYNO6618
1 PHP( 501 ,ARCL(S0) DYNDO6619
COMAON /EES/ ES(514ET(5) 4ESTI5),E13(5),E23(5) DYNC6620
COMMON /NLTRMS/ QPR(B,5) DYNG6630
COMMON /GCD/ CC1,€C2,0D1,0D2,GG1,GG2 DYN06640

sLoe-r
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0010
0011

Gel12
0013
OCle

0015
00lé
0017
0018
0019
0020
on21
0022

0023

0024

0025

co2¢

9027
' 0028

c029
0030
0031

aNeNeNeNeNgNel

10

C100

s X e Nal e NaNaNel
[

ClIF

20

e

20 NLTERM DATE = 72353 11703729

COMMON /THETAS/ THETA(20) NTHETA,NCLCST,NSTRSS
COMMON /PRINT/ TPRINT,NOIT,LL

CALCULATION OF NONLINEAR TERMS

THE MIDSURFACE STRAINS AND ROTATIONS AND NONLINEAR TERMS -
ARE BASED ON A CONICAL FRUSTUM ELEMENT. THIS IS THE ONLY PLACE A
CONICAL FRUSTUM ELEMENT IS USED.

DO 1C I=1,NEQT
QP{I)=3.0
CONT INUE

PROCESS ALL ELEMENTS

D0 40 I1=1,NELEMS
FN=1.-FNUL(I1)*FNU2(IL}
CCl=E1{IL)*T(I1)/FN
CC2=E2(I11*T(I1)/FN
GGl=G(I1)=T(I1)
GG2=G{Il1=T{11)**3/12,
DOL=ELCIL)*T (11} %%3/(12.%FN)
DD2=£2(IL1)%T(I1)*%3/(12,%FN)

FORM QPRIMES

CALCULATE GENERALJZED NONLINEAR LOADS
CALL QPRIME (I11)

FORM STRESS RESULTANTS

IF {NSTRSS.EQ.C) GG TOQ 20
STRESS COMPUTATION REQUIRED oTHEN. CALCULATE AND PRINT STRESS
RESULTANTS AND STRESSES ON UPPER AND LOWER FACES
IF (({ITAM=(ITAM/{NSTRSS) ) *{NSTRSS)}.EQMl
«OR.ITAMLEQ. 2
«OR.ITAM.EQ.NOIT+]
«OR.NSTRSS.EQ. 1)
«AND.NCLCST.EQ. 1)
CALL STRESS (I1,ITAM)
CONTINUE

D0 30 Il=1,NH
KA=NEQ*({I1-1)+4%(11-1)

D0 30 JJ=1,4
KK=KA+JJ
QP (KK} =QPIKKI=QPR(JJ,II)

DYNO6650
DYNC6660
DYNC 6670
DYND668D
DYN06690
DYNO&T0Q0
DYNO6710
DYNQS6720
DYND6T28
DYNQ6730
DYNO 6740
DYNC 6750
DYNO 6753
DYNC6755
DYNC 6758
DYNO6760
DYNC6T770
DYNC 6780
DYNG6790
DYNQ680OO
DYNC6810
DYNO6820
DYNC6830
DYNC6840
DYN0O68SQ
DYNC6860
DYNG6862
DYNC68T0
DYNQ6880
DYNC6850
DYN(C6900
DYNC6910
DYNC6912
DYNC691 4
DYN36920
DYNG6G22
DYNO6G24
DYND 6926
DYNC 6928
DYNC693C
DYN06940
DYN0O 6948
DYNG6950
DYNC6960
DYNC 6368
DYN( 6970
DYNC698C
O0YNO06990

PAGE 0002
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FORTRAN IV G LEVEL 20 NLTERM DATE = 72353 11/03/29 PAGE 0003

0032 QP{KK+4)==QPR(JJ+4,11) DYNGT000
0033 30 CONTINUE DYNGT701C

c ' DYNOT7O13
2034 4D CONTINUE DYNCT7020

c DYNC 7023
0035 RETURN DYNO7930
0036 END DYNO7040

LL°e-p



( KLTERNH )

5
re

QPRIME

CALCULATE
GERERALIZED
HOKLINEAR LOADS

STPESS

CALCULATE AND PRINT]
ISTRESS RESULTANTS
D STRESSES O

LPPER AND LOWER
ACES

ROCESS
L ELEMENTS

DONE

RETURN

NLTERM
Functional
1l of 1l



NLTERM J-3.79
Detail Suppressed
lof 1l

PROCESS

PROCESS

CALL
QPRIME

4]
DECISION

YES

CALL
STRESS

PRCCESS




0 - NLTERM

J-3.80 =D Detail
lofl
. 1
00 10 I=1,KEQT .
QP{(1)=0.0 1=
10 CONTINUE
7]
KASHEQ*(11-1)
+4*(11-1)
=1
13
3 =
CRARIEILIN]
'FNUI”I) e——
CCI=E1(11)*T(I1) 14
5gﬁazz(l1)'1(11) KK=KA+J)
4 5 L
QP (KK)=0P(KK)-
‘|e61=6 11;-1(11 QPR{99,11)
662:G(11)+T({1} QP(KK+d) e
S QPR(JJ+4,11)
5 ] 16 I 30
B O |
*FN
DD2<E2{11)*T(11) conTIni
=*3/{12.*F)
| 17|
6
L =114
QPRIME(11)
-leE
19
Jedd+1
({ITAM- i '
(1T (5STRSS)) 29
*(NST?S)),EQ.1.0R. [TAM. X0
£Q.2.0R.1TAN.EQ. 1501T+
1.0R.NSTRSS .£Q.1).
AND.NCLEST.EQ.1
21 40
| continue
TALL ' 2
STRESS(11,
TTAY)
Nelisl
1
1 |~ 20
CONTINUE 12

2 | MO
RETURN

.n
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CE(NRESTR) DYN10RZ252

C OYN12254

c DESCRIPTION -~ TO APPLY THE DESIRED BOUNDARY CONDITIONS TO DYN1O256

c THE LEFT SIDE OF THE EQUATIONS OF MOTION. INSERT DYN10258

c ONES ON THE DIAGONAL OF THE STIFFNESS MATRIX FOR DYN10260

c THE FIRST HARMONIC ONLY. DYN10262

c DYN10264

C INPUT ARGUMENTS. DYN1C266

C KY = RESTART KEY, DYN10268

c LK = MATRIX INDICATING THE NODAL RESTPAINTS WHICH ARE APPLIED DYN1D270

c ON THE SHELL. DYN10272

c NCLOSE = CONSTANT USED TO INDICATE THE PRESENCE OF A SINGULARITY DYN1C274

c AT THE FIRSY NODE OF A CLOSED SHELL. DYN10276

c NN = STORAGE BLOCK INDICATOR FLAG FOR STIFFNESS AND MASS DYN10278

c MATRICES. DYN10280

c NODRES = NUMBER OF DOSPLACEMENT CONSTRAINTS APPLIED TO THE SHELL. DYN1C282

c DYN1G284

C OUTPUT ARGUMENTS, DYN10286

c FORCE = MATRIX OF GENERALIZED FORCES DUE TO EXTERNAL LOADS AND DYN10288

C TEMPERATURES. DYN10290

c STIFM = STIFFNESS MATRIX. DYN10292

C DYN1029¢4

€ EXTERNALS. DYN102G6

C CALLED 8Y DYN19298

C HOouB Q@1 DYN1030D

C DYN1D3N2

0colL SUBROUTINE NRESTR (KY) DYN10304
0002 IMPLICIT REAL%8 (A-H,0-1) DYN10306
003 COMMON /SLVEEQ/ STIFM(6550),FCRCE(204) DYN1(308
¢20C4 COMMON /CONST/ NHoNELEMS 4NNODES ¢NSTZE,NPRNTQ,NEQ,NEQT+NsNNyNHNSy, ODYNICQ310
1 DT2+NPRNTL ,NPRNTF,IDELF,IDCOE DYN10O312

0005 COMMON /RSTRNT/ NCDRESNCLOSE,LK(204) DYN1C314
Cl APPLY BOUNDARY CONDITIONS TQO THE LEFT HAND AND RIGHT HAND SIDES DYNLQ316

clc OF THE EQUATIONS OF MOTION OYN1G3la

0006 NODRE=NCDRES DYN10350
6en7 IF {KY.EQ.N.ANDNCLOSE.EQ.1) NODRE=NODRE+2 DYN10360
0C038 IF (NODRE.EQ.O0} GO TO 90 DYN10370
c ' DYN1Q378

1C09 DO 80 L=1,NCDRE DYN1IC380
0010 NEQ=LX(L) 0YN10390C
0011 TELM=(NEQ-1)/4% DYN10400
0312 IF {(IELM.GT.O) GO TO 30 DYN10410
G013 I=NEQ DYN10420
C DYN10Q428

0014 D0 10 J=1,NFQ DYN1C430
0215 K=(I*[=1)/2+J+NN DYN10440
0016 STIFM(K)=0.0 DYN10450

0017 10 CONT INUE DYN10Q452

18 e-r
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2018

0019
n020
0021
onz2

0023
0024
0025
0026
0327
0528

0029
0030
0031
0032

0033
0034

0035
0036
1037
n038

0039
0240
0oal
0042
3043

0044
€45
0046
0047

3048
0N49

c050
0051

0052

c

c

20

30

40

50

60

70
80

90

20 NRESTR ) DATE = 72353

J=NEQ

DO 20 I=NEQ.8
K=(I%I-1)/2+J#NN
STIFM(K)=0.,0

CUNT INUE

K=(NEQ*NEQ-NEQ)/2+NEQ+#NN
STIFM{K)=1.0

GO TO 70

CONYTINUE

I=NEQ~4*IELM

N=I+4

DO 40 J=1,N
K=10+¢26%(TFLM=1) #4%(I-1 )+ (I*[-])/2+J¢NN
STIFM(K)=0.0

CONTINUE

J=NEQ-4*{1ELM-~1)
N=NEC-4*]ELM

D0 50 I=N,4
K=10¢26%(TELM-1)#4%(I-1)+(I*[=-1)/2¢J¢NN
STIFM(K)=0.0

CONTINUE

K=1C426%(1ELM=1) ¢4 (N=-1)+{ N=N=-N)/2+J+NN
STIFM{K)=1.0

IF (1ELM.EQ.NELEMS) GO TO 70
TELM=IELM+]

J=J-4

DO 60 [=1,4
K=10+#26%(TELM=1) +4%x (-1 )+{I%I-1)/2+J+NN
STIFMIK)=0.0

CONTINUE

FORCEINEQ)=0.0
CONT INUE

CONTINUE

IF NOT FIRST HARMONIC .THEN. RETURN

IF (KY.NE.O) RETURN

INSERT ONES ON THE DIAGONALS OF THE STIFFNESS MATRIX
STIFM(3)=1.0

11/03/29

DYN10455
DYN10460
DYN10468
DYN10470
DYN10480
DYN10490
DYN10492
DYN10495
DYN10500
DYN10510
DYN10520
DYN10530
DYN10540
DYN10550
DYN10558
DYN10560
DYN10570
DYN10580
DYNLC582
DYN10585
DYN10590
DYN10600
DYN10608
DYN10610
DYN10620
DYN1C630
DYN10632
DYN106135
DYN10640
DYN1C650
DYN10660
DYN10670
DYN10680
DYN1C688
DYN19690
DYNINTON
DYN1OT10
DYN10712
DYN10715
DYN10720
DYN1C730
DYN10T733
DYN1CT740
DYN10742
DYN10780
DYNL1OTB2
DYN10790
DYN10798
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FORTRAN IV G LEVEL 29

0053
0054
0055
0C56

IC57
3058

c

DO 100 I=2,NNODES
K=21+426%(1-2)
STIFM(K)=1.,0

100 CONTINUE

RETURN
END

NRESTR

DATE

72353

11/03/29

DYN1080OO
DYN1OB1E
DYN10820
DYN10R22
DYN1L£B825
DYN1 0830
DYN10840

PAGE 00C3
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Functional
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( NRESTR )

APPLY BOUNDARY CONDITIONS
TO THE LEFT HAND AND RIGHT
HAND SIDES OF THE
EQUATJONS OF MOTION

RETURY

THSERT 15 04 THE
FIAGO?:ALS OF THE

TIFFIESS PATRIX




NRESTR J-3.85
Detail Suppressed

l of 1

PROCESS

RODRE.£Q.0

PROCESS

18 30
PROCESS PROCESS
s I -—-——T§-€>1
PROCESS PROCESS

PROCESS PROCESS
I 22 [
PROCESS PROCESS
23 50
00 LooP
REPEAT
ooNE
24
PRICESS PROCESS
70
12 I Yes 25
PROCESS
26 NO
PROCESS
27—
PROCESS
28 §0
DO Loop
REPEAT
PROCESS
OORE

00 LOOP
REPEAT

17

( RETURN )



J-3.86

{ HRESTR )

NODRE =HODRES

Y.£Q.0. NO
A D.NCL?SE.EQ.

NODRE=NODRE+2

1.46
L=1
O—
NEQeLK(L)
IELM=(NEQ-1)
/4
7
TELN.GT.O D
2 ‘ 30
8 NO
CONTINUE
1=NEQ 2 |
9 ‘ 1-NEQ-3*TELN
- Nel+d
a1
v 2 |
10 | Jal
Ka(1*1-1)
[24048N 23 9[
X=10+26*( IELH
| -1)sat(1-1)
(1*1-1)/2+J+
STIFM(K) 1N
0.0 24| a0
12 l STIRM(K)=0.0
J=341 5|
ves 13 =4
@ 26
1 NO YES @
J=nEQ 27 NO
J=HEQ-4*(1ELN
15 3
N=HEQ-4*TELH
T=NEQ
16 l 20
STIFM(K)
0.0 1.28
17_]
12141

1=N

29

K=10+26*( 1ELY
<1)+4%(1-1)+
(1*1-1)/243
NN

[

STIFM(K)=0.0

3v|

I=11

32
YES

9

NG
33

K=10+26*(1ELY
~1)v8%(R-1)+
13;H-ﬂ)/2+d

NRESTR
Detail
lofl

48

RETURN

3% |

STIF(K)=1.0

35

®

6 | %

IELM=IELH+Y
J=3-4

7 |

1=

Ao

K=10+26*( 1ELM
=1)+4*(1-1)+
(1*1-1)/24)
+NN

®» | s

STIFM(K)=0.0

YES

2 4 10

FORCE(NEQ)

43 l 80

CONTINUE

44 [

L=L+1

45

CONTIRVE

STIRH(3)s1.0

s

I=2

__T>L

K=21426%
(1-2)

52 I 100

STIRMM(K)*1.0

s |

I=]¢]




FORTRAN IV G LEVEL 29 MAIN DATE = 72353 11703729

CE{QPRIME) DYNO7052

DYNOTO54
c DESCRIPTION - TO COMPUTE THE GENERALIZED NONLINEAR LOADS. DYNOT056
C FOURIER COEFFICIENTS AND Q-PRIMES ARE COMPUTED. IF DYNQT58
c NECESSARY, COEFFICIENTS ANC Q-PRIMES ARE UPDATED DYNO 7060
c BY INCLUDING THERMAL EFFECTS. DYNCTC62
c DYNQTC64
C INPUT ARGUMENTS. DYNQTD66
C cceC = MATRIX CONTAINING INTEGRALS FROM O T0O 2%Pl OF DYNQT7(68
c COS(I%THETA) * COS(J=THETA) % COS(K*THETA) * DTHETA. DYMQT070
C cCl = YOUNG'S MODULUS TIMES SHFLL THICKNESS, NGRMALIZED WITH DYNGTCT2
C RESPECT TO POISSON RAT]OS (MERIDIANAL DIRECTION). DYNQT0T74
C CC2 = YOUNG®S MODULUS TIMES SHELL THICKNESS, NORMALIZED WITH DYNDTOT6
C RESPECT TO POISSON RATIOS (CIRCUMFERENTIAL DIRECTION). DYNO 7078
C cssS = MATRIX CONTAINING INTEGRALS FROM 0 TO 2%PI OF DYNC 7080
C COSUI*THETA) * SIN{J*THETA) * SIN(K*THETA) * DTHETA. DYNOTCB82
C E13 = MATRIX OF NONLINEAR STRAINS USED IN THE CALCULATION OF DYNOTC84
c EACH HARMONIC. DYNOTC86
C £23 = MATRIX OF NONLINFAR STRAINS USED IN THE CALCULATION OF DYNO 70838
c EACH HARMONIC. DYNQT090
c FNUL = MATRIX CONTAINING THE VALUES OFf POISSON'S RATIO FOR DYNOT092
C EACH ELEMENT. DYNC 7094
[ GG1 = SHEAR MODULUS TIMES SHELL THICKNESS (MERIDIANAL DYNOT096
c DIRECTION}. DYNC7098
c THARM = MATRIX OF HARMONIC NUMBERS FOR WHICH DISPLACEMENTS DYNOT7100
c AND/OR STRESSES WILL BE CALCULATED. DYNOT102
o QN = DISPLACEMENTS AT TIME INCREMENT (N=1) UP TO STATEMENT 20 DYNCQT7104
C AFTER STATEMENT 30 THIS MATRIX HAS BEEN CHANGED TO DYNCT106
c THE DISPLACEMENTS AT TIME STEP (N}, DYNOT7108
c RQ = RADIAL DISTANCE OF ELEMENT FROM NRIGIN. DYNOT110
C SSC = MATRIX CONTAINING INTEGRALS FROM 0 TO 2#PI OF DYNOT112
C SIN{I*THETA) * SIN(J*THETA) * COS(K%*THETA) * DTHETA. DYNOT114
c Z = L-DISTANCE OF ELEMENT FROM ORIGIN. DYNCT7116
c DYNCTI18
C QUTPUT ARGUMENTS. DYNGOT120
c ES = MATRIX OF THE LINEAR STRAINS, USED IN THE CALCULATION DYNCT122
c 0OF £ACH HARMONIC, DYNGT124
C EST = MATRIX OF THE LINEAR STRAINS, USED IN THE CALCULATION DYNGT126
c OF EACH HARMCNIC, DYND7128
C ET = MATRIX OF THE LINEAR STRAINS, USED IN THE CALCULATION OF DYNC7130
C EACH HARMONIC. DYNOT7132
C El3 = MATRIX CF NONLINEAR STRAINS USED IN THE CALCULATION OF DYNCT134
c " EACH HARMONIC. DYNGT136
C E23 = MATRIX OF NONLINEAR STRAINS USED IN THE CALCULATION OF DYNQT7138
C EACH HARMONIC. DYNCT7140
c QPR = = PARTIAL DERIVATIVE OF U-NL WITH RESPECT TO LOWER CASE QODYNCT7142
c ’ DYNGT7144
C EXTERNALS. DYNO 7146
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FORTRAN 1Iv G LEVEL

0001
G002

0003

0004
€005
0006
0007
€008

ceo9
golo
0011
0012
0013
0014

G015
0016

€017
gols
0019
0020
0021
c022
0023
0024
coz2s
0026

0027
0028
¢029
0030
G031
0032
0033
0034
0035
0036
0037

e
c
c

20 MAIN DATE = 72353 11703729
CALLED 8Y DYNOT7148
NLTERM DYNCT150
DYNCT152
SUBROUT INE QPRIME (11) DYNOT154
IMPLICIT REAL%*B (A-H,0-1) DYNCT7156
COMMON /CONST/ NH,NELEMS ,NNODES,NSIZE,NPRNTQ,NEQyNEQTyN,NNyNHNS, DYNOT158
1 DT2,NPRNTL sNPRNTF,IDELF,1DCOE DYNOT160
COMMON /CS/ CCC(125),SSC{125),CS8S5(125) DYNDT162
COMMON /CS4/ CCCC(625),555S(625)4SSCC(625),SCCS(625) DYNOT16¢4
COMMON /EES/ ES(5)4+ET(5)+EST(S),EL13(5),E23(5) DYNDT166
COMMON /NLTRMS/ QPRI(8,5) DYNO7168
COMMON /GEOM/ FNULI(50) yFNU2(50),EL(S50},E2(50)+G(50}),T(50), DYNNT170
1 SINE(S51),COSINE(S1),SINM(50),COSM{50),R(50),PH(S0), DYNOTLIT2
1 PHP({50) ,ARCL(50) DYNOT174
COMMON /GCD/ CC1,CC2,001,0D2,G61,GG2 DYND7176
COMMON /HARM/ NHP,IHARM(S) DYNGT178
COMMON /THER/ TH(5C:1542) yDTH{50,5,42) ALS{50) 4ALT(50) DYNOT180
COMMON /THCON/ ITELF,ITCOE+NPRNTH DYNOT7182
COMMON /TMFT/ TOTIME,DELTE,TIME,TC,T1 DYNO?7190
COMMON 7QS/7 QN{1020),QN1(1020),FORCE(2040},QP(1020),QP1(1020), DYNQ7200
1 QN2(1020) . DYNC 7210
COMMON /RZ/ R0(51)4,2(51} DYNOT220
DIMENSION E23Q1(5), E23Q3(5), E£23Q5(5), E23Q7(5), ESTQL(5), DYNO 7230
1 ESTQ3(5), ESTQS5(5), ESTQT(5), ETQ2(5), ETQ6(5) DYNOT240
CALCULATE GENERALIZED NONLINEAR LOADS DYNO7260
COMPUTE OFTEN USED QUANTITIES DYNO7280
J1=11 DYNOT7290
Jli=11+1 DYNO7300
DRO=RO(J11)-RO(IL} DYNOT310
DZ=1(J11)-20J1) DYNQ7320
ARL=DSQRT (DRO*DRO+DZ*DZ} DYNQO7330
SIPH=DRO/ARL DYNO7340
COPH=DZ/ARL DYNO7350
RM={RG{JLI+RC(ILL}I /2.0 DYNC7360
R21=1.0/(2.0%RM) DYNOT370
ARCLI=1.0/ARL DYNO7380
COMPUTE DERIVATES INDEPENDENT OF I DYNC7390
ETQ3=R2! DYNGT400
ETQ7=R21 DYNOT410
E23Q2=-R2T1*CUPH DYNO7420
E23Q¢=£2332 DYNO7430
E13Q1l=ARCLI*SIPH DYNCT440
E13Q3=-ARCLI®COPH DYNC7450
E13Q5=—-ARCLI%SIPH’ DYNOT469
E13Q7=ARCLI*COPH DYNG7470
ESTQ2=-SIPH*R2TI-ARCLI DYNO74840
ESTQ6==SIPH®R2I+ARCLI DYNG7450
ESQl=£13Q3 DYNC7500
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FORTRAN IV G LEVEL 20 QPRIME DATE = 72353 11703729

0038
0039
0040

0041
C042
0043
G044

045
CC4e
0047
0048
0049
0050
0951
0052
0053
0054
0055
0056
0057

2058
0059
€060
2061
0062
N063
0064
0065

0066
0067

0068
0069

0070

¢c71
0072

€073
0074
0075
0C76

Cl

ESQ3=~-E13Q1
ESQ5=E13Q7
ESQ7=-E13Q5

COMPUTE DERIVATES THAT ARE A FUNCTION OF I
CO2R=COPH*R2]
SL2R=SIPH%*R2]
CL2R=COPH*R2I
SO2R=SIPH¥R2I

DO 10 IH=1,NH
K=[HARM(IH)
X K=K
E23Q1(IH)=SO2R%XK
€23Q3(1IH)=-CO2R*XK
E23Q5(IH)=SL2R%XK
E23Q7(IH)=-CL2R*XK
ESTQL{IH)I=E23Q3(IH)
ESTQ3(IH)=-E23Q1{IH)
ESTQS(IH)=E23Q7(IH)
ESTQ7(IH)=-E23Q5(1H)
ETQ2{IH)=R2I XK
ETQ6{IHI=ETQ2(IH)
COMPUTE ET, ES, EST, EL13, E23
KK=NEQ#{IH=-1)+4%({I1-1}
KKl=KK+1
KK2=KK+2
KK3=KK+3
KK5=KK+5
KK&6E=KK+6
KKT=KK+7
ETCIH)=+ETQ2(TH) *QN(KK2)+ETQ3*QNIKK3 ) +ETQ6{ IH) *QN(KK6I+ETQT*
1 QN(KKT)
ES(IHI=ESQL*QN{KK1 )} +ESQ3I=QNIKK3 )+ ESASHON(KKS)+ESQT*QN (KK T)
ESTIIN)I=ESTQL(IH) *QN(KK1)+ESTQ2*QN(KK2)+ESTQ3(THI*QN(KK3) +
1 ESTQS(IH)*QN{KKS)+ESTQ6%ONIKK6)+FSTQT{ IHI *QN(KKT}

" DYNC7510

DYNOT7520
DYNO 7530
DYNCT532
DYNQ 7550
DYNCT560
DYNO 7570
DYNO 7580
DYNO7588
DYNGT7590
DYNCT600
DYNCT610
DYNCT620
DYNOT7630
DYNOQ7640
DYNQO7650
DYNDT660
BYNC7670
DYNO 7680
DYNOT690
DYNOTT00
DYNOT7710
DYNGT7720
DYNQ7730
DYNOT7740
DYNOT7750
DYNCT7760
DYNCGT77H
DYNCT789
DYNOT790
DYNO78C0
DYNCT7810

DYNO7820

DYNCT7830
DYNG T840

E13(IH)=E13Q1*QN(KK 1) +E13Q3%QN(KK3)+E13Q5%ON (KK5 1+ E13Q7#QN(KKT) DYNOT7850

E23(IH)=E23Q1 (IH)*QN{KKL1}+E23Q2*QN(KR2}+E23Q3( TH)*QN(KK3) +
1 E23Q5(IHI*QN(KKS ) +E23Q6*QN(KKE)+E23QT{ TH)*QN (KKT)
10 CONTINUE

ITH=0
RSL=RM%ARL /2.0 .
CUMPUTE COEFFICIENTS AND Q-PRIMES

DO 40 M=1,NH
CES=0.0
CET=0.0
CEST=0.0

DYNCT7860
DYNOT870
DYNO7880
DYNQ 7883
DYNC7890
DYNCT790D
DYNOT7902
DYNOT908
DYNCT910
DYNCT920
DYNCT7930
DYNOT7940
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FORTRAN

0077
0078
0079
0080

0081
3082

0083
0084
0085
2086
ocar
0088
2089
0090
0091
0C92

0093
0094

0095

9C 96

0097

0338
2099

0100

0101
0lo2

0103
0104
0105

0106
0107

IV 6 LEVEL 29 - QPRIME DATE = 72353 11/03/29
CE13=0.0 DYNOT7950
CE23=0.0 : DYNC7960
K=IHARM(M) DYNCT970
c DYNCT9T8
DO 20 I=1,8 OYNC7989
GPRII,M)=0.0 DYNO7990
20 CONT INUE ' : DYNOBOOO
c DYNOBCN3
c DYNO8OOS
DO 30 I=1,NH DYNOBC10
I1=IHARM(I) DYNCBN20
c DYNO 8028
DO 30 J=1,NH DYNOBO30
JJ=THARM(J) DYNCB040
1PI=T1+JJ DYNOBN50
IMJ=11=4J .DYNOB060
IF (IPJ.NE.K.AND.TABS{TMJ) . NE.K) GO TO 30 DYNOSOT0
ITH=ITH+1 DYNOSOSO
c COMPUTE COEFFICIENTS DYNO8NS2
CES=CCL*(CCCUITHI®EL3(T)*E13(J)+FNULLTLI*SSCLITHI®E23(1)*DYNOB10O
1 E23(J))+CFS DYNCB110
CET=SSC{ITH)*CC2%E23 (1)%E23 (JI+FNUL(T1)%CCI*CCC(ITHI* DYNCB8120
1 E13(1)%EL3(J)+CET OYNO8130
CEST=2.0%GGL*CSS{ITHI*EL13(J)I*E23(1)+CEST , DYNC8140
CE13=2.0%CC1*CCCOITHI*EL3(T)*(ES{J)+FNUI(TLI*ET(J) ) +2.0% DYNOC81SO
1 GG1*SSCUITHI*EST(1)%E23(J)+CEL3 DYNC8152
CE23=2,0%CSS(ITHI#(E23 (1)1 *(CC2*ET(JI+FNUL(I1)*CCL*ES(J) )+DYNOBLTO
1 GGI*EL13(JI*EST(I)V+CE23 DYNC8180
30 C ONT INUE DYNO8190
c DYNOS163
c COMPUTE Q PRIMES DYNC8200
QPR{1,M)=(CEL3#F13Q1+CES*ESQL+CEST*ESTQL(M)I+CE23%E23Q1(M) )*RSL+DYNOB210
1 QPR(1,M) ' DYN08220
QPR(2,M) =(CE23%E23Q2+CESTHESTQ2+CETHETQ2 (M) ) ¥RSL+QPR {2, M) DYNCR230
QPR{3,M)={CEL13%E13Q3+CET*ETQ3+CES*ESQ3+CE23#E23Q3 (M) ¢CEST* DYNNB240
1 ESTQ3{M) ) *RSL+QPR(3,M) DYNOB250
QPR(5,M}=(CEL3*E13Q5+CES*ESQS+CE234E23Q5 (M) +CESTHESTQ5(M) ) *RSL+DYNDOB269
1 QPR(5,M) DYNOB270
QPR(6,M) =(CET*ETQ6 (M) +CE23%E23Q6+CESTHESTQ6) *RSL+QPR(64M) DYNC8280
QPRUT,M)=(CEL13%E13QT+CET*ETQT+CES*ESQT+CE23%E23Q7 (M) +CEST* DYND8290
1 ESTQT(M) ) #RSL+QPR(7,M) DYNC8300
40 CONTINUE DYNG8310
C : DYNGB8313
1F0=0 . DYNOB320
c , DYNOB8328
DO 60 L=1,NH DYNOB330
CE41320.0 DYNO 8340

CE423=0.0C . DYNO8350
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FORTRAN IV G LEVEL 20 QPRIME DATE = 72353 11703729

olcs

2109
0110

0111
2112
o113
0l14

0115
0l1é6
0117
0l1ls8
0l19

G120

o121
0122

0123
0124

0125
Gl26
ul27
o128
0129
0130
0131

0132

0133
0134

0135
0136
o137
0138

0139
0140

0141

c1

C1
Cl

LL=THARM{L)

DG 52 I=1,NH
1I=THARM(T)

DO 50 J=14NH
JJ=THARM(J)
[PJ=T1+3J
IMJ=TABS(TI-JJ)

DO 50 K=1,NH
KK=THARM{K)
KPL=KK+LL
KML=TABS(KK-LL)
IF (IPJSNEKPLJANDGIPJ.NEJKMLLAND.TMJ,
1 NE «XKPL,ANDJ IMJoNE.KML)} GO TO 59
1FO=1FO+1
CCMPUTE COEFFICIENTS AND FOURTH ORDER Q-PRIMES
FOR=(FNUL(I1)*CC1+42.0%GGLI*E23(1)*E13(K)
CE413=CCLl%EY3(I)*E13(JI*EL1I(KIXCCCC(IFO)+FOR%E23(J)*

1 SSCCUIFO)+CE413
CE423=CC2*%E23 ()1 *E23(J)*E23(K)*SSSSIIFN)+FOR*EL13(J)*
1 SCCS(IFNI+CE422

50 CONTINUE

QPR{L1+L)=QPR{1,L)I+RSL*(CE413%E13Q1+CE423%E23QL{L))

RAPRE24,L)}=QPR(2,L}+RSL*(CE423%E23Q2)

QPR{3,L)=QPR{3yL)+RSL*(CE413%F13Q3+CE423%E23Q3(L))

QPR{S,L)=QPR{S5,L)+RSL*(CE413%E13Q5+CE423%E23Q5(L})

QPR(&6 L) =QPR(6,L)+RSL*(CE423%E23Q6)

QPR{7,L)=QPRIT,L)+RSL*(CE413%FE13QT+LE423%E23QTIL))
60 CONTINUE

THERMAL EFFECTS//NO(90)

IF (ITELF.EQ.Q) GO YO 90

UPDATE COEFFICIENTS AND Q-PRIMES BY INCLUDING THERMAL DFFECTS
I1TH=0

RL=RM%ARL

DO 80 M=1,NH
CE13=0.0
CE23=C.0
K=THARM(M)

DO 7C I=1,NH
T1=1HARM(T)

DO 70 J=1,NH

DYNQ8360
DYNO8368
DYNOB370
DYND8380
DYNOB388
DYNQOB390
DYNQ84r0
DYNCB410
DYN(8420
DYNOB428
DYNO8439
DYNNB8440
DYNQB8459
DYNQ8460
DYNC84TD
DYNG8480
DYNOB490
DYNOB8492
DYNO8510
DYNOB8520
DYNC8530
DYNO8540
DYNC8550
DYNOBS69D
DYNOB563
DyNC8580
DYNOBS90
DYNQ 8600
DYNCBS510
DYNC8620
DYNG 863N
DYNCB8640
DYN( 8643
DYNCB645
DYNC8650
DYNOB652
DYNCBE6O
DYNQB6TO
DYNC 8678
DYNOB68O
DYNQO 8690
DYNCBTRO
OYNOBT1C
DYNGB718
DYNOB8720
DYNNB8T30
DYNO 8738
DYNOB740
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FORTRAN IV G LEVEL 29 QPRIME DATE = 72353 11703729 . PAGE 00¢C6
0142 JJ=THARM(J) DYNCB8750
0143 IPI=1IT+JJ DYND8T60
0144 IMI=I1-JJ DYNDB770
0145 IF {IPJ.NE.K.AND.IABS{IMJI).NE.K) GO TO 70 DYNOBT780
0146 THT=TH{T 1o Jso 1 #ATHIT Ly d+2)=TH{T1,J, 1) )={TIME-TC)/(T1-TO) DYNOB790
0147 ITH=1TH+1 DYNOSBBON

¢ COMPUTE COEFFICIENTS ) DYNCB881Q

0l48 : CE13=-CC1*{ALS{TL)+FNUL(TL)*ALT(IL1) ) THT®CCCIITHI®*EL3(1)+DYNOBB20
1 CEl1l3 DYNOB8822

0l49 CE23=-CC2% {ALT(I1)+FNU{(TL)=ALS(T1) I=xTHT*CSS(ITHI*E23(1)+NYNOBE3D
1 CE23 DYNOBR32 -

0150 : 70 CONTENUE DYNG884NO
c . DYNNBB43

c CCMPUTE Q PRIMES DYNO8850

0151 QPREL M) =QPRIL M) +(CEL3%E13QL+CE23%E23QL (M) )*RL DYNO8B6D
0152 QPR(2,M)=QPR(2,M)+CE23%E23Q2%RL DYNOB88TO
0153 QPR(3,M)=QPR(3,M)+(CEL3%E13Q3+CF23*F23Q3(M))*RL DYNOB8380O
0154 QPRI5,M)=QPR{5,M)+(CE13%E13Q5+CE23*E23Q5(M) )%RL DYNDB890
0155 QPRIOyM}=QPR(6,M)+CE23%E23Q6%RL DYNG89(0
2156 QPR(7 4 MI=QPR{T4M)+(CEL1I*EL3QT7+CE23%E23QT (M) ) *RL DYNO8910
0157 80 CONTINUE DYNGB8S29
C DYNO8923

0158 90 CONTINUE . DYNC8930
0159 RETURN DYNC8940

0160 END . . DYN(CB950
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QPRINE
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PROCESS
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QPRIME .
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PROCESS

PROCESS
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PROCESS
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PROCESS
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YES
22 |0

PRGCESS
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PROCESS

15 19
0o toop

6 DONE

1

PROCESS

1.17

29

PROCESS

— ]

PROCESS

——]

PROCESS

PROCESS
3

9
PEPEA

DONE
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( RETURN )



1

=11
J1i=1141
DRO=RO(J11)-RD(J1)
D2=2{JN}-2(J1)
ARL-DSQRT(ORO'DROODZ'D7)
SIPP=0R0/ARL
COPHDZ/ARL
Rn-(Ro(JI)opw(Jll))/z 0

2 I

R21=1.0/(2.0*RM)
ARCLI=1.C/ARL
£TQ3=R21
ETQ7=R21
£23Q2=-R21*COPH
E23Q6=£23Q2
ET13Q1=ARCLI*SIPH
1303=-ARCL] *CCP

E13Q5=-ARCLI*SIPH
E13Q7=ARCLI*COPH
ESTQ2=-SIPH*R21-ARCL]
ESTQ6=-SIPH*R2I+ARCL]
ESQI=E1303
ESQ3=-E13Q?
ESQ5=E13Q7

s |

ESQ7=-E1305
CO2R=COPH*R21

5 |

SL2R=S1PH*R21
CL2R=COPH*R21
SO2R=SIPH*R21

s |

IH=1

XK=K
=S02R*XK
=-CO2R*XK
£23Q5(IH)=SL2R*XK
£2307( IH)=-CL2R*XX
ESTQU(1H)=E23Q3( 1K)

g |

ESTQ3(IH)=-E2301 (IH)

:srgs IH)=£2327 {1H)
7{ lii)=-£2323 (1H)

E702 (1H)*R2I*XK

ETG6( IH}=ETG2(IH)

E23Q1(1H
£233(1H

9
KK=REQH(IA-T]+%
KK1=KX+1
KK2=K\+2
KK3=KK+3
KKSaKK+5

10

. 9

CES=0.0
CET=0.0
CEST=0.0
CEN3=0.0
CE23=0.0
K THARM(M)

17 l 20

DG 20 11,8
QPR{1,M)=0.0
CONTINYE

18 |

=1

T
i

1= THARM(T),
20 |

Jel

<

2] <

JJwTHARM(J)
IPJs1Ind)
INJ=I109

ITN=ITR+1
COMPUTE COEFFICLENTS

SSC(ITH)*E23(1)*£23(J)+CES
CET-SSC(ITH)'CCZ'EZ](I)'Ez’(J)fFNul(!l)'
CCC{ITH)*E13(1)*E13(
CEST=2. 0‘GG]*CSS(1TN)'£13(J)'E23(I)0CEST

[CES=CCY*(CCC(ITH)*ET3{L)*E13(J)+FRUI (11)"]

CE13%2.0*CC1*CCC(ITH)*ET3

£$(d +r Ul T1)*ET{J)+
MG RN
£23(J) +
CE23=2. O’CSS(ITH)'(‘ZJ(X)*
ET(J)+FNUI (11)*CCI*ES(I)+
GG1%E13(0)*€ST(1))+CE23

ET(IH)=+€TQ (IH)*QN{KX2)+ETQI*QN(KK3)+
ETOS(IH)*CN{KKG)*ETQ7*QN(KK7)
ES(ik; ES;]'C K(l)¢E503'QH(KK3)‘ESQS'QN

Ke
EST! [4)= rslc.(1#)-cﬂIVY1)+Esroz'QN(krz)+

E:T“J(IH)*QI(xk’)dESTUS(XH)‘ON(KK5)+ESTD6
*Qri{KXE )+ ESTQ7{ I9)*QH{¥K7)

E13({14)= Elacl*eq(xxl)+=1393'QN(KKJ)+51305
SQ{K5) +£1274QH(KKT)

E23{ IH)=E2301 (IR} *GR{¥K] }+E2302*QN(KK2 )+

£2303( 2) *Q1{KX3) +E2305 { IH) "QN(KK5 ) +£23Q6
Q:i(KL5)+E23Q7{ TH)*QH (KK?)

n l 10

CONTIRUE

12 |

IR=1H+)

1TH=0
RSL=RM*ARL/2.(

)

Mol

CONTINUE

2|

I=1+1

30

?PR(!.M)I(CEI3*[13QI+CES'ESOI+CEST'ESTQI
M)4CE23*E23Q1 (M) ) *RSL+QFR(T, M)
QPR(2,M)=(CE23*E23*E2302+CEST ESTQR4LET*
ETQZ(M) )*RSL+QPR(2 M)
QPR(3,M)=(CET3*E13Q3+CET*ETOI+CES*ESQI+

QPR{5,M)>(CE13%7 1305+ CES*ESOS+CERI*E2305
(M)+CEST*ESTIE (M) ) *RSLEQPR(S M)

OPR(6,M) - (CETSLTI6(M)+CE23402306+CEST
££706)*PSL+ANR{G M)
OPR(7,M)=(CE13°E13)7+CET*ETQT+CES*ESQT+
9[2%}[2307(M)0CEST'EST07(M))'RSLOQPR

e

CE23°E2302{1)+CESTAESTQ3(M) Y*RSL+QPR(I M)

2.1

QPRIME
Deta 1.1'J -3 95
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ﬁa)
1 40

3.96 CONTINUE * CET3=-CCI*(AL5(11 )+FNUL
J-3. (1Y*ALT(11))>THT*CCC(1TH)
*E13(1)+CE13
: | CE23m-CC2x (ALT(11)4ENU2(11
*ALS(11))*TUT*CSS(1TH)*E23
{1)+C£23
Mat1
8 70
3 CONTINUE
YES
@ OIRL .
s O Ie14]
IF0=0
N0 40 vEs 0 .
5 [ QPR(1,L)=QPR(1,L)+RSL*(CEA1IET 3Q1+CEA23 -3
*E13Q1+CEA23%E23QT(L))
Lol QPR{2,L)=QPR(2,L)+RSL*(CE423*E2302) a To
QPR({3.L)=GPR(3,L)+RSL*(CEA13+E13Q3+CEA23
®_____>| *£2303(L))
cmz(s.l(.)-qpa(s.L)msv(cw:-n305»c5423 =141
*£23Q5(L
CE413=0.0 QPR(6,L)=QPR(6,L)}+RSL#(CE423*E2306)
CE423=0.0 gL «QPR(7,L J+RSL*(CE413*E1 307+CE423
LLe=THARM(L) £2307(1)) a2 ves
2.2
7 1 O
1=1 2 I 60 43 Ko
. = | 0l + * 1
(:)'__'——>| CONTINGE ?;l)\glﬁr) QPR(T,M)+(CE13*E13Q1+CER3*E23Q
QPR(1,K)=QPR(2,M}+CE23*E2302°RL
H=THARM(I) 25 | ?PR 3§n)-opx 3,M)+(CE13*£13Q3+4CE237E22QY
M) )*RL
PR{S,M)=QPR(5, M) +{CE1INE13Q8+CE23#22305
s | e %:4§§33T) QPR(S,M)+{CETIRE13Q8+CE23%E230
o?uts.n «QPR(6,M) +CE2I*E2306*AL
31 QPR{7,M)=QPR(7,M}+ (CE13*E1 3Q7+CE234E2307
(M) )*RL
JI=IHARN(J) 44 ] 80
IPI=11+J)
IMJ=TABS(11-33) CONTINGE
]
s |
k=1
: Fefel
12 <
el 5
KHL=IABS (KK-LL) ‘@ YES °
47 71 90
€€13:0.0 * | conTINuE
1 CE23=0.0 .
{IPJ.NE.KPL.AND, IPJ K= THARM(M) pr
LNE.KNL.ANS. 1) .KE. KFL.AND YES T
JIMJLNE.KML) 7O TO 50 3 3 RETURN
Is1
1= IHARM(T
13 |
1FO=IF0+1
Jo1
- o=
FGR=(FNUT(11)*CC1+2.0+661) Ju=THARM(J)
230 1)%E13(K) 1PJ=11+J)
CE413=CCTAET3(1)*E13(J)*E13 HI=11-3J
(K)*CCCC! IFO)+FORE23(J)*
SSCC{IFO)+CE2T3
CE423=C02#E23(1)*E23(J)*E23
(K)%SSSS{IFO}+FOR*E13(J)*SC
- | IF
16 50 (1PJ.NE.K.AND
L IABS{IMJ).NE.K) GO E e 2.38
CONTINUE Te 70
17 |
36
THT=TH(11,9,1)4(TH(11,J,2)
STH(11,d,1) y*(TIME-TO)/
(T1-10)
[THa [ THA




FORTRAN IV G LEVEL 20 MAIN DATE = 72353 11703729 PAGE €001

CE(SETUP) DYNOS5662

o DYN05664

c DESCRIPTION - TO OBTAIN THE SHELL DISPLACEMENTS BY SOLVING DYNO5666

c THE EQUATICNS OF MOTION. THESE DISPLACEMENTS ARE DYNOS668

c CHECKED IN MAGNITUDE FOR BEING TOO LARGE TO ALLOW DYN05670

c STABLE SOLUTIONS. THE AXIAL DISPLACEMENY OF THE SECOND DYNO56T2

c NOGDE 1S CHECKED. DYNC5674

c DYNC 5676

C INPUT ARGUMENTS. DYNCS678

c NH = TOTAL NUMBER OF HARMONICS USED IN THE DYNAMIC ANALYSIS. DYNC5680

c QN = DISPLACEMENTS AT TIME INCREMENT (N-1) UP TO STATEMENT 20 DYNO5682

c AFTER STATEMENT 30 THIS MATRIX HAS BEEN CHANGED TO DYNC5684

c THE DISPLACEMENTS AT TIME STEP (N}, DYNO5686

c THETA = MATRIX CONTAINING CIRCUMFERENTIAL ANGLES AT WHICH DYNG5688

c STRESSES AND/OR DISPLACEMENTS ARE TO BE CALCULATED. DYNG5690

c _ ’ DYND5692

C OUTPUT ARGUMENTS. DYNC 5694

c LARGE = CONSTANT WHICH CONTROLS TERMINATION OF THE PROBLEM DYNO5696

C IF DISPLACEMENTS BECOME EXCESSIVE. DYND 5698

c QLOAD = RIGHT-HAND SIDE OF THE DYNAMIC EQUATIONS OF MOTIDN DYNOSTOO

c BEFORE CALLING SOLVEQ. DYNOS5702

c . DYNC5704

C EXTERNALS. _ DYNC 5706

c CALLED BY DYNOST08

¢ MAIN DYNOS5710

c CALLS DYNOST12

c NLTERM : DYNOS714

c HOUBQN DYNOST16

c HOUBQ1 ' PYNOST18

c INPUT : DYNCS720

c ' DYNC5722

cnot SUBROUTINE SETUP (ITAM,TIME,LARGE) DYNOS5T24"
0002 IMPLICIT REAL%*8 (A=-H,0-2) DYNG5726
0003 COMMON /SLVEEQ/ XN{6550) ,GLOAD(2C4) DYNOS5728
0004 COMMON /GS/ QN(1220),QN1{1020),FORCE (2040),QP(1020),QP1(1020), DYNOST30
1 aN2(1020) DYNOS5732

' 0005 COMMON /CONST/ NH,NELEMS ,NNODES ,NSTZE,NPRNTQ,NEQ,NEQT ,NsNN,NHNS, DYNC5734
: 1 DT2,NPRNTL,NPRNTF,IDELF,IDCOE - DYNC 5736
0006 COMMON /GCD/ CC1,CC2,D01,0D2,GG1,662 DYNOS5738
0007 COMMON /THETAS/ THETA{20) ,NTHETA,NCLCST,NSTRSS DYNO5740
G008 COMMON /PRINT/ IPRINT,NOIT,LL DYNO5750
0009 _ COMMON /HARM/ NHP ,THARM(S) DYNCS5T60
o010 COMMON /RESTRT/ TRSTRT,NPRNT,NPRNIT,ITP,TIMEP,DELTEP DYNO5770
C1IF NOT FIRST POINT .THEN. CALCULATE GENERALIZED NONLINEAR LOADS AND DYND5772

c1c STRESS RESULTANTS DYNOS5774

0011 IF (ITAMJNE.LL) CALL NLTERM (ITAM) DYNC5820
C1D0 PROCESS HARMONICS A DYNDS5822

c DYNQS5828

6°¢-C



FORTRAN IV G LEVEL 20 SETUP DATE = 72353 11703729 PAGE 0002
col2 DO SC IH=1,NH DYNO5830
0013 KY=THARM(IH) DYNG5640
0014 NN=NSEZE*([H-1) DYNC5850
0015 N=NEQ#([H-1) DYNO5860

CLIF NOT FIRST POINT .THEN. SET UP EQUATIONS FOR CALCULATING DYNC5862
cic DISPLACEMENTS AT EACH TIMF INCREMENT EXCEPT THE FIRST DYNOS5864
0016 IF (ITAMJNE.LL) CALL HOUBQN (KY, IH) DYNO5870
CLIF FIRST POINT .THEN, SET UP EQUATIONS FOR CALCULATING DISPLACE- OYNO587T2
cic MENTS AT FIRST TIME INCREMENT AND PREPARE COEFFICIENT DYNOS874
cic MATRICES DYND 5876
0017 . IF (ITAM.EQ.LL) CALL HOUBQL (KY,IH) DYNO5880
o018 : IT=1TAM=(ITAM/IPRINT)®IPRINT DYN05890
co19 IF (ITAM.EQ.NOIT) GO TO 10 DYNO5990
c1 FIRST TIME THRU WITH PRINT REQUIREMENTS//NO(90) DYNOS59N2
0020 IF (1T<NE,0.AND.ITAM,NE.1) GO TO 90 DYNC5910
0021 10 IF (NPRNTQ.FQ.0) GO TQ 90 DYN05920
0022 TPRNT=TIME#1 000000, DYND5930
0023 WRITE (6,110) ITAM,TPRNT DYN 05940
0024 WRITE (6,120} KY DYNG5950
c DYNO5958
0025 DO 20 I=1,NNODES DYNC5960
0326 K=a®(I-1) +N DYNC5970

0027 WRITE (64130) I,(QN(K+J),J=1,4) DYNC5980

0028 20 C ONT INUE DYNG5990
c DYNC 5993
c1 INTERMEDIATE HARMONIC//YES (80} DYN05995

0029 IF (IH.NE.NH) GO TO 80 DYNOG6OCO

0030 IF (NH.EQ.1) GO TO 80 DYNO&010
cl CALCULATE AND PRINT DISPLACEMENTS AT DESTRED CIRCUMFERENTIAL . DYNC 6012
cic- ANGLE DYNO 6014
c DYN06048

0131 DO 70 1T=1,NTHETA DYN0 6050
c DYRC 6058

0032 DO 30 I=1,NEQ DYNC6060

2033 QLOAD(11=0.0 DYNC60T0

0934 30 CONTINUE DYNN60T2
c : DYNR6CTS
c . DYMO 6078

0035 DO 59 JH=1,NH ' DYNC608C
c036 N=NE Q¥ (JH~1) A DYNC6090
2037 XIHL=THARM{JH) DYNO6100
0038 SN=DSIN(XIHI*THETA(IT)) DYNO611R
0039 CS=DCOS{XIHL*THETA(IT)) DYNO6120

c : DYNG6128

0040 : 00 50 Il=1,NNODES DYN0O6130

0041 K=4%(11-1) DYNO5140

2042 NPK=N+K DYNOE150

C . : DYNOG6158

g6 €-r



FORTRAN IV G LEVEL 20 SETUP DATE = 72353 11703729 . PAGE 0003

0043 DO 50 J=1,4 _ DYN06160
0044 IF (J.EQ.2) GO TO 40 DYNC6170
0045 QLOAD(K+J)=QLOAD(K+J ) +QN (NPK+J)*CS DYNO6180
0046 GO TO 50 DYND6190
0047 40 QLOAD(K+J)=QLOAD(K+J)+QN{NPK+J)%SN DYNG6200
0048 50 CONTINUE OYN06210
-c DYNO6213

0049 WRITE (651100 ITAM,TPRNT DYN06220
0050 THETAL=THETA(1T)#180./3.14159 DYN06230
0051 WRITE (65140) THETAL DYN06240
¢ DYN06248

0052 - DO 60 I=1,NNODES - DYN06250
0053 K=4#(1=1) DYN06260
0054 WRITE (641300 I,(QLOADIK+J) ¢J=14%) DYN06270
0055 60 CONTINUE ‘ DYNC 6272
c DYND6275

0056 70 CONTINUE DYND6280
c DYNC 6283

cl DISPLACEMENTS TOO LARGE FOR STABILITY//NO(90) DYN0 6285

0257 80 IF (DABS(QN(N+5)).LE.1.0E+4) GO TO 90 DYNO6330
0cs8 LARGE=1 : DYN06340
0059 WRITE (6,150) I1TAM,TIME DYN06350
0060 RETURN DYNO6360
0061 30 CONTINUE ‘ DYNC6370
c : DYNO6373

c1 WRITE RESTART DATA//NO(100) DYNO&375S

62 IF (NPRNT.EQ.O} GC TO 100 DYN06380
0063 ITL=ITAM-(ITAM/NPRNIT)*NPRNIT DYN06399
0064 IF (NPRNT.EQ.1.AND. IT1.EQ.0) CALL INPUT (3) , DYN06400
UC65 1C0 RETURN DYNO6410
c ' DYNO6420

0066 110 FORMAT (1H1,30X,6HITAM =,15,5X,6HTIME =,F12.4,13H MICROSECONDS//) DYN06430
0067 120 FORMAT (36X ,22HDISPLACEMENTS OF NODES/38X,9HHARMONIC +15// DYNG6440
1 6 Xy BHNODE NO. 46X, SHAXIAL 413X, 1CHTANGENTIAL,11X, 6HRADIAL, DYNO6450

1 13X, THANGULAR// ) DYND 6452

0G68 130 FORMAT (110,4D2C.8) DYNC 6460
6269 140 FORMAT (25X,34HDISPLACEMENTS OF NODES AT THETA = ,F8.3, DYNO6470
1 SH DEGREES/38X,13HALL HARMONICS/ DYNG 6480

1 2Xy BHNODE NO. 19X SHAXTAL 412X, LOHTANGENTIAL 12X, 6HRADIALy DYNO6490

1 13X, THANGULAR//) DYNO 6492

0070 150 FORMAT (LHL1,5X,4HITAM15,5X,4HTIME,E12.57/ DYNC6500
1 6X422HEXECUTION TERMINATED -, DYNO6510

1 33H DISPLACEMENTS GREATER THAN 1.E+4) DYNO6512

0071 END v DYNO 6520

66°€-0
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SETUP

CALL.NLTERM

PROCESS

17

PROCESS
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CALL HOUBCN

o
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~
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o

18 |

PROCESS

— 1]

PROCESS

40

PROCESS
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PROCESS

12
? WRITE ;
13

PROCESS

PROCESS

28

29

PROCESS

30 60

DO LOOP

33

SETUP J-3.101
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0E+4
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PROCESS
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RETURN

37
DO LOOP
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41
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42
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lofl wRT
THETATSTHETA
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M
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KY=HARN( IH)
Nu=NS1ZE=( 1H-1)
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I CONTIUE
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0001
0602
0003
0004

2005
00Ne

0007 -

occs
0C09
0010
ocl1

co12
0013
0014

Cca15
0016
nolr7v
cols
0019
0020

FORTRAN [V G LEVEL 20 A MAIN DATE = 72353 11703729
CE(SOLVEQ) DYN11242
c DYN11244
c DESCRIPTION - TO SOLVE THE SET OF SIMULTANEOUS LINEAR DYN11246
c EQUATIONS USING A MODIFIED GAUSS ELIMINATION TECHNIQUE DYN11248
c WHICH TAKES INTO ACCDUNT DIAGONAL SYMMETRY OF THE DYN11250
c SYSTEM. THIS ROUTINE WILL ACCEPT ONLY SPECIAL BANDED DYN11252
¢ MATRICES (I.E., FORMED BY OVERLAPPING SUBMATRICES). DYN11254
c ELEMENTS OF THE UPPER BAND ARE STORED IN A 1-DIMENSIONAL  DYN11256
c ARRAY BY COLUMNS. ALL ZEROS THAT FALL OUTSIDE OF DYN11258
c THE SUB-MATRICES ARE SUPPRESSED. DYN11260
c _ DYN11262
C INPUT ARGUMENTS. DYN11264
c IH = HARMONIC KEY. DYN11266
c DYN11268
C OUTPUT ARGUMENTS. DYN11270
c SPR = ALIAS FOR QLOAD. DYN11272
c DYNL1274
C EXTERNALS. DYN11276
c CALLED BY DYN11278
c HOUBQ1 DYN11280
o HOUBQN DYN11282
c DYN11284

SUBROUTINE SOLVEQ (IH) DYN11286
IMPLICIT REAL®8 {A=H,0=-2) DYN11288
COMMON /SLVEEQ/ SPA(6550),SPR{204) DYN11290
.COMMON /CONST/ NH,NELEMS,NNODES ,NSIZE,NPRNTQ,NEQ,NEQTyNoNN,NHNS, DYN11292

1 DT2,NPRNTL ,NPRNTF ,1 DELF, IDCOE . DYN11294
COMMON /PRINT/ IPRINT NOIT,LL DYN11296
COMMON /CYCLE/ ITAM DYN11300
OIMENSION A(1310), R(204) DYN11310

c1 GAUSSIAN ELIMINATION PASS DYN11312
c DYN11388
DO 10 I=1,NSIZE DYN11390
NNPI=NN+I DYN11400
A(1)=SPAINNPI) DYN11410

10 CONTINUE DYN11412

¢ DYN1141S
c DYN11418
DO 20 I=1,NEQ DYN11420
R(I)=SPRII) DYN11430

20 CONTINUE DYN11432

¢ DYNI1435
IF (ITAM.GT.{LL+1)) GO TO 100 DYN11440

KEY=2 DYN11450
AL2)=A(2)/A(1) DYN11460
A{3)=A(3)-A(2)%A(2)*A(1) DYN11470
A(S)=A(5)-A(4)%A(2) DYN11480

A(8)=A{B)-A(TI®A(2)

OYN11490

PAGE Q001
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FORTRAN

IV G LEVEL
c

39

40

59

20 SOLVEQ DATE = 72353
Al4)=A(4)/A(1)

A{S)=A(5)7A(3)

Al6) =A(6)=-A(4 ) A(4)%A{]1)-A(5)*A(5)*A(3)
Al9)1=A(9)-A(T)I*A(4)-A(8)*A(5)

A{T)=A(TY/A(1)

A(8) =A{8)/A(3)

Al9)=A(9)/AL6)

A(10)=A(10)-A(T)*A{TI*A(1)1-A{8) *A(8)*A(3)-A(9)%A(T)*A(6)
RI2)=R(2)-R({1)%xA(2)

R{3}=R(3)-R(1)*A(4)-R{2)%A(S5)}
RE4)=R{4)=R(LI*A(T)I-R{2)}*A(8)1-R{3)1%A(9)

DO 90 K=1,NELEMS
I=11+(K~1) %26
J=5+(K~-1)%*4
GO TO (40,30),y KEY
AMIO=A(1-10)
AM9=A(]-9)
AMB=A(1~-8)
AMT=A(1-T)
AM6=A(1-6])
AMS=A(I-5)
G3 70 S0
AMLO=A(1-22)
AM9=A({1=17)
AMB=A[1-16)
AMT=A(I-11)
AME=A(1~-10)
AMS=A(1-~9)
AM4=A{1-4)
AM3=A{I-3)
AM2=A11-2)
AM1=A{1-1)
A0=A(])
Al=A{f+1)
A2=A(1+2)
A3=A(1+3)
A4=A{]+4)
AS=A(1+5)
Ab6=A(1+6])
AT=A(1+T7)
A8=A(1+8)
A9=A(1+9)
Al10=A(1+10)
All=A{1+11)
Al12=A11+12)
Al3=A{[+13)
Al4=AL1+14)

11/03/29

DYN11500
DYN11510
DYN11520
DYN11530
DYN11540
DYN11550
DYN11560
DYN11570
DYN11580
DYN11590
DYN116C0O
DYN11608
DYN11610
DYN11629
DYN11630
DYN11640
DYN11650
DYN11660
DYN11670
DYN11660
DYN11690
DYN11700
DYN11710
OYNL11720
DYN11730
DYN11740
DYN11750
DYN11760
DYN11770

DYN11780

DYN11790
DYN11800
DYN11810
DYN11820
DYN11830
DYN11840
DYN11850
DYN11860
DYN11870
DYN11880
DYN11890
DYN11600
DYN11910
DYN11920
DYN11930
DYN11940
DYN11950
DYN11960
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FORTRAN IV G LEVEL

0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
c079
080

2081.

N082
0083
9384
2085
0086
9087
0088
0089
0090
0091
0¢92

SOLVEQ DATE = 72353 11/03/29
A15=A(1+15) DYN11970
Al6=A(1+16) DYN11680
ALT=A(I+17) DYN11990
Al18=A{1+18) DYN120C0
Al9=A(1+19) DYN12010
A20=A(1+20) DYN12C20
A21=A(1+21) DYN12030
A22=A(1+22) DYN12040
A23=A(1+23) DYN12050
A24=A(1+24) DYN1206%
A25=A(1+25) DYN12070
Al=A1-AD%AM9 DYN12080
Ab=A6-A5%AM9 DYN12090
A12=A12-AL1%AM9 DYN12100
A19=A19-A18%AM9 DYN12110
A2=A2-A0XAMT-ALl%AM6 DYN12120
AT=AT-AS*AMT-A6%AM6 DYN12130
A13=A13-A11%AMT-A12%AM6 DYN12140
A20G=A20-Al B*AMT-AL9%AM6 DYN12150
A3=A3-A0%AM4-AL1EAM3-A2 %AM2 DYN12160
A8=AB-A5¥AMG=ALEAMI-ATRAM2 DYN12170
Al4=A14-A) 1%¥AMG-AL12%AM3~AL3:AM2 DYN12180
A21=A21-A18%AM4~A1GXAMI-A20%AM2 DYN12190
AC=A0/AM10 DYN12200
Al=A14AMS DYN12210
A2=A2fAMS DYN12220
A4=A4=ACRAQ*AMIO—~Al %A1 X AMB-A2%A2% AM5~A3%A3%AM] DYN12230
AG=AG-A5*AQ~A6*AL—AT*A2-AB8%A3 DYN12240
A15=A15-A11%A0-A12%Al-A13%A2-A14%A2 DYN12250
A22=A22-A18%AN-A19%A1-A20%A2-A21%A3 DYN12260
REJ)=R{J)-R{I=~4)%xA0-R{J=3 ) %A1 -R(J=-2)%A2-R(J-1}%A3 DYN12270
AS5=A5/AM10 DYN12280
A6=A6/AM8B DYN12290
AT=AT/AM5 DYN12300
AB=A8/AM1 OYN12310
A9=AG/A4 DYN12320
AlC=Al0-AS%AS5AMIO~AL* AL AMB-AT #AT*AMS~AB*AB*AM] -AG%AQHAL DYN12330
Al6=A16-AS*A11-A6%A12~-AT*A13-AB*A14~A0%A15 DYN12340
A23=A23~A5%A18~A6%A19-AT*A20-AB*A21-A9*A22 DYN12350
R{J#1I=R{I#L)~R(JI=4)*AS5=R(J=3)%A6-R{J=2)%AT-R(J-1)1%A8-R(J)*A9 DYN12360
All=A11/AM10 DYN12370
Al12=A12/AM8 DYN12380
A13=A13/AMS DYN12390
Al4=A14/AM1 DYN12400
AL15=A15/44 DYN12410
Al6=A16/A10 . DYN12420
Al7=A17-Al1%*A)1%AM10-AL2%A12%AMB~A13%A13%AMS-A14%A14%AMI-A15% DYN12430

A1S5*%A4~Al6*A16%A10

DYN12440
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FORTRAN IV G LEVEL

0115
0116

o7

ol1s
oll9
0120
nlz21
0122
0123
0124

0125

Gl2é6
c127
o128
0129
0130
0131

0132,

0133
0134
0135

0136.

0137
0138
0139
0140
014l
0142
N143
0144
0145
0146
0147
0r48

60

70

80

SOLVEQ . DATE = 72353 11/03/29
A24=A24-A11%A18-A12%A19-A13%A20-A14%A21~A15%A22-A16%A23 DYN12450
R{J+2)=R(J+2)=R(JI=4)*AL1-R(J=3)*A12-R(J=2)#A13-R(J-1)%A14~R(JI*DYN12460

A15-R{J+1)%A16 DYN12470
A18=A18/AM10 DYN12480
A19=A19/AM8 DYN12490
A2C=A20/AMS DYN12500
A21=A21/AM1 DYN1251n
A22=A22/A4 DYN12520
A23=A23/A10 DYN12530
A24=A24/A17 DYN1254D
A25=A25-A1 B¥A1B*AMIO~ALO*A19 % AMB-A20%A20%AM5~A21%A2 1% AM1-A22% DYN12550

A22%A4-A23%A23%A10-A24%A24%A1T DYN12560
REJ#3)=R(J+3)-R{J-4)*AL8-R {J=3) ¥A19-R (J=2) #A20~R(J=1) *A21=R{J I *DYN1 2570

A22-R{J+1)*A23-R(J+2)¥A24 DYN12580
GO TO (70,600, KEY DYN12590
A{I-10)=AM10 DYN12600
ALI-9)=AM9 DYN12610
A{I-8)=AM8 DYN12620
AL1-T)=AMT DYN12630
Al1-6)=AMs DYN12640
Al1-5)=AMS DYN12650
KEY=1 DYN12660
GO TO 80 DYN12670
A{1-22)=AM10 DYN12680
ALI-17)=AMS DYN12690
A(I-16)=AMS DYN12700
ACI-11)=AMT7 DYN12710
ACI-1C)=AM6 DYN12720
AL1-9)=AM5 DYN12730
AlT-4)=AMs DYN12740
AC1-3)=AM3 DYN12750
ALI=-2]=AM2 DYN12769
ACI-1)=AM] OYN12770
ALT)=AD DYN12780
A(T+1)=A1 DYN12790
A{1+2]=A2 DYN12800
ACI+3)=A3 DYN12810
AlI+4)=A% DYN12820
AlLI+5)=A5 DYN12830
A(T+6}=A6 DYN12840
A{I+7)=AT DYN12850
Al1+8)=A8 DYN12860
Al1+91=A9 DYN12870
ALI+10)=A10 DYN12880
AlTel1)=A11 DYN12890
AtI+12)=A12 DYN12900
A{1+13)=A13 DYN12910

DYN12920

A(l+l4)=Al14

PAGE 0004
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FORTRAN IV G LEVEL

0160
0lel
0le2
0163
0los
0165
0166
0167
0168
0169
0179
0171

0172
0173
0174
0175
0176

C177
0178
0179
0180
0181
o182

0183

0184

0185

0186
o187
o188
0189
0190
0191

0192
0193
0194
0195
0196

C197

c
Cl

20 ' SOLVEQ DATE = 72353 11/03/29

AlI+15)=A15
AlI+16)=A16
A(I+17)=A17
A{I+18)=A18
A(I+19)=A19
A{1+20)=A20
A(l+21)=A21
A(1+22)=A22
A(1+423)=A23
A(T+24)=A24
A{T1+25)=A25

90 CONTINUE

100

1

1
1

GO 7O 129

CONT INUE

R({2)=R(2}-R{1}*A(2)
RE3)=R{3)-R(1}*A(4)-R{2)*A(5)
R{4)}=R{4)=-R{1)=A(T)-R(2)*A(B)-R(3)%*A(9)

DO 110 K=1,NELEMS
N=4%(K+¢1)-3
L=26%K~-15

DYN12930
DYN12940
DYN12950
DYN12960
DYN12970
DYN12980C
DYN12990
DYN13000
DYN13010
DYN13020
DYN13030
DYN13D32
DYN13035
DYN13040
DYN13050
DYN13960
DYN13070
DYN1308C
DYN13088
DYN13090
DYN13109
DYN13110

RIN)=R{IN)I-RIN=4)=A(L)-RIN-3I%A(L+1)-RIN=-2)%A(L+2)-R(N-11%A(L+3)DYN13120

RIN+1)=R{N+1)=R{N=4)*A(L+5)=R(N=3}*A(L+6)-RIN=2)%A{L+T)~
RIN~1)*A(L+8)-R{NI®A{L+9)

RIN#2)=R{N#2}-RIN~-&4)=A(L+11)})~RIN=3)*A(L+12)=R(N=2)%A(L+13)~-
RIN-1)%A(L+14) =R (N}®RA(L+15I-R(N+1)%A(L+16)

RIN+#3)=RIN*+3}=R{N=4)*A(L+18)-R(N=3}%A(L+19)=-R{N-2)*A{L+20)~
RIN-1)*A(L+2]1)~R(N)*A(L+22)-RIN+1)I%A(L+23)-R(N+2)%
A{L+24)

110 CONT INUE

120 CONTINUE

130

BACK SUBSTITUTIONS

N=26*NELEMS+10

M=(NELEMS+1) %4

R{M)=R{MI/A(N]

R{M=1)=R{M~-1)/AIN-8)-R (M) EA(N-1)
R{M=2)=R{M=2)/A(N=-15}-R(M-1)}2A(N=-G)=R(MI%A(N=2)

R{M=3)=R{M-3) JA(N-21)-R(M=2)*A(N-16) =R{M=1)%A(N=10)-R{M}*A(N=-3)

DO 150 K=1,NELEMS
L=26%{NELEMS+1-K}-15
N=4%(NELEMS+]1-K)=-3
IF (L-11) 130,140,130
RIN#3)=R{N+3 )} /A(L-1F~RIN+4G)=A(L+3I=RIN+5)I%A(L+B)-R{N+6)*
A(L+14)-RIN+T)2A(L+21)
RINt2I=RIN42} /A(L=-9) ~R(N#3 ) 2A(L=2)-RIN+&L)I*A(L+2)-R(N+5)*

DYN13130
DYN13132
DYN13134
DYN13136
DYN13138
DYN13140
DYN13142
DYN13190
DYN13193
DYN13200
DYN13202
DYN13220
DYN13230
DYN13240
DYN13250
DYN13260
DYN13270
DYN13278
DYN13280
DYN13290
DYN13300
DYN13310
DYN13320
DYN13330
DYN13340
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FORTRAN IV G LEVEL 20 SOLVEQ DATE = 72353 11703729
1 A(L+T)-RIN*6)I=A(L+13)-RIN+T)*A(L+20) DYN13350
0198 R(N+1) RIN#1Y/A(L-16)—R(N+2)*A(L-10)-R{N+3)*A(L~3) =R{N+4)*% DYN13360
1 A(L+1)-RIN+S)2A(L+6)=RIN+6IHRA(L+12)=R(N+T)I*A(L+19) DYN13370
0199 RANI=RIN)/A(L=22)-RIN+1)*A(L~1T7)-RIN+2)%A{L-11)-R{N+3)*A(L-4)~ DYN13380
1 RIN+4IXA(LI=R{NESIHA{L+5)=R(N+6)*XA(L+11)=-R(N+T)* DYN13390
1 AlL+18) DYN13391
0200 GO 70 150 DYN13400
0201 140 RIN#3)=RIN+3)/A(L-1)-R{N+4 ) *A(L+3)-R{N+5)*XA{L+8) =R (N+6}* DYN13410
1 A{L+14)-R{N+T)=A(L+21) DYN13420
0202 RIN+2)=RIN#2) /A(L-5)-R{N+3 ) A (L=2)=R(N+4)I*A(L+2)-R{N+5)%A{L+T)=-DYN1343n
1 RIN#6)*¥A(L+13)~RIN+TI*A(L+20) DYN13440
0203 RIN+1)=RIN+1)/A(L-8)-RIN#2)XA(L=-6)-RIN+IIHA{L-3)=R(N+4) *A(L+1)-DYN13450
1 RINESIHAIL+6)=RIN+S6IXA{L+12) -RIN+T)%A(L+19) DYN13460
0204 RIN}=RINI/A(L=10)-RIN+1)*A(L~9)-R{N+2}*A{L=T)=-R(N+3)*A(L~4)~ DYN13470
1 RIN+GIEALLI~RIN+S5)I*A(L+5)-RIN+6)*A(L+11)=R(N+T) = DYN1 3480
1 A(L+18) DYN1 3481
¢205 150 CONTINUE DYN13450
DYN13493
DYN13498
0206 DO 160 I=1,NEQ DYN135¢0
0207 SPR(I)=RI(I) DYN13510
02¢8 160 CONTINUE DYN13512
DYN13515
0209 IF (ITAMJNE.(LL+1)) RETURN DYN13520
. . DYN13528
021¢C DO 170 I=14NSIZE DYN13530
0211 NNPI=NN+I DYN13540
0212 SPAINNPI }=AL(I]) OYN13550
0213 170 CONTINUE . DYN13552
. DYN13555
0214 RETURN DYN13569
END DYN13570

0215
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SOLVEQ J-3.109
Functional
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1

GAUSSIAN
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BACK
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RETURN



, . ' . SOLVEQ
J-3.110 Detail Suppressed

lofl
SOLVEQ
PROCESS
PROCESS
YES
16 100
PROCESS PROCESS
Oen v
PROCESS PROCESS
18 10
D0 L00P
REPEAT
30
- () 5o
PROCESS PROCESS 19 120
PROCESS
0 f—G—
PROCESS
20
n PROCESS
2 .
12 7 13 60 y 2l
L-n >
PROCESS PROCESS .
A 2 | 23 140
W fe—————
)
PROCESS
oR0cESS 4 PRocess
2
D0 LCOP
<20 Loop REPEAT
REPEAT

25 | DONE

160
PROCESS

27

-RETURN

1.19

\_ RETURN



 SOLVEQ” )
1.

I=1

2 &

KNP L=NN+ T

3|

A(l)=
SPA(NNPI)

s |

I=141

5
‘ll!=|E’I!E'> ¥ES

00 20 T=1,HEQ
20 R(1)=SPR(T)

SOLVEQ
Detail
1l of 2

16

ITAM.GT. {LL+1)

YES

3 ]

“fzgzﬁfgglAf 3-A<z)-A(1)
A{5)=A(S5)-A(

A 5 -A(6 4§-A 4)*A(1)-A(5)*A(5)*A(3)
E § §-A$7i-A 4)-A(B)*A(5)

A(Q)-A 9}/
A(nc)uA'w) A\7)'A(7)'A\‘I)-A(5)‘A(8)
*A(3)-A{9)*A(9)*A(6)

10

Ré gﬂR 2)-R(1}*A(2
3)=R(3)-R(1)*A(4)-R(2)

q(a) ?'4)-R(1)‘A(7) R(2)
*A(8)-R(3)*A(9)

n |

K=1

12 F*““"""“E’

CONTINUE

I

At
lg'A 72

-R(3)*A(9

—
~

EE-E]

o b w i
*
P
XL

19 | ———

i=a*(K+T)-3

RS =RCND-R(N-4) A(L)-R{H-3
'A(L*] ~R{N-2)*A(L+2)=R(N-1

e
-R{N-A)'MLH l

20

(et tofallet risitt N
R&(u 5 X(L* o) AN 2o
}020)4!("-1 J*A(L+21)~ R(N)

iLOZZ) R(N*I}&A(L¢z3)

RIN+Z) *A(L+24

21 l

r'R [ Jg'“u] S R“‘-Z&EASL

KeK+1

2.9
I=114(K-1)*26
J=5+(K-1)%4
13
KEY 1
14 2 15
AM10=A(1-10) AMI0=A(1-22)
ANI=A(]-9 Arg=A(1-17)
A3=A(1-8 AMZ=A(1-16)
A7=A{1-7) R47=A(1-11)
A16=R(1-6) AF6=A(1-10)
W15=A(1-5) AMS=A(1-9)

®
1.23

Y
23

:-;; J9-3.111
i

AT=A(1+7

2 |

AB=A(1+43)
A9=A(1+9)
A10-A(1410)
Al1=A(1411)
A12=A{1412)
AIB-A51413

Al8=A{1+14
A15=4{1+4153
Al6=A(1+16
AV7=A(1417
A18=A(1+18
A19=A(1+19

2 1

A20=A(1+20)
A21=A(1421)
A22=A(1422)
A23=A(1423)
A24=A(1+24)
A25wA(1+425)
Al=A)-AD*A'8
A6=A5-AS*AI
Al2#A12-A11*/%)
MQ-MQ-M&"A”.B
A25A2-RJ*RT-1)
A7=A7-A5*A07- AE‘ 6]
Al3sA13-A11%417-212%EME

26

A420+A207A18%AN7-A15*A25
A3=A3-AD*ANG-AT*AM3-£2*AM2
ABRAZ-AG*ANL -AG*AN3-AT A2
Al4=A14-AT P ANG- AT 27105 -A) 3*AN2
A21=121 -A18*AN4-AI*AH3-£20* AN
AJ=R0/A410

Al=A1/A'8

A2u42/RM5

AS=AL-A0*RD*AMTO-AT AL *A43-A2*A2*AM5-A3
*AI*RA]
A9=AQ-AS*AQ-AE*A1-A7*A2-A8*A3
A152A15-AT1*A0-A12*A1-A13"A2-A14A3

27

A222A22-A18*A0-A19*A1-A20*A2-A21 A3
R&.()}'?S;)A;R(J-d)'AO-R(J-3)‘A1-R(J-2)'AZ

AS<A5/£M10

AG=A6/AM8

A7=A7 /A5

AB=AS/ M1

AS=A9/A4
A102A10-AS*ASAMI0-AG*AG*AMB-AT*AT*AMS -
AB*AB*AM]-A9*A9*A4
A162A16-A5*A11-AG*A12-A7*A1 3-A8*A14
AI*A1S5

A232A23-A5*A18-A6*A19-A7*A20-AB*A2] -
A9*A22
R(J+1}sR{J+1)-R(J-8)*AS-R(J-3)*A6- -R{J-2)
[*A7-R(J-1)*AS- R(J)‘AQ

11=A11/7A10

12=A12/A8

13=A13/415

14=A14/ /0

15=A15/A4

16=A16/A10
17=A17-A11*ATT*AM10-AT2*A12*AMB-A13*A13
AM5-AT4*AT4*AMT -A15*A15*A4-A16*A16*A10

23
$\24=A24-A11*A18-A12*A19-A1 3*A20-A14*A21 -
A15*A22-A16*A23
R(J4+2)=R(J42)-R(J-4) *AT1-R(J-3)*A12-R(J~
R)*A13-R(J=1)*A14-R{J} *A15-R(J+1)*A16
A18=A18/AM10
A19=A19/AM8
A20=A20/AMS
R21=A21/AM1
22=A22/ A4
\23=A23/A10
p24=A24 /A7

30 l
A252A25-A18*A1Q* A1 0-A19*
AT9*AMB-A20*A20*ANG-A2T*
A21*AM1~/22*A224N4-A2 3%
N23*A10-A24*A264AY7
R(J+3)=R(J+3)-R(J-4)*A18-
R(J-3)*A19-R{J-2)*A20-R{J~
1)*A21- R(J)‘AZZ R{J+1)*A23
-R{J+2)

2.1



KEY

14
R{*1+3)=R(N+3)/A(L=1)-R(%+4)

SGLVEY
Detail
g of 2

*{L+3)-R{N+S)*A(L+E)-R{li+

y=AN10
~AM9

1-10
1-9
1-8)=AM8
1-7)=AK7
1-6)=AME
1-5

1-2 A
1-1 A
1-16)=AM3 A
1-1 A
1-1 A
1-5 A J=AMS

5)*AlL+14)-R(N+7) *A(L421) 3
R{N+2)uR(N+2) 7A(L-5)-R(H+ =0
3)4A(L-2)-R(H+4) *A{L+2)-R
(HeS)*A{L+7)-R{N+C)*A{L+
13)=R{N+7)*A{L+20)
16 #0
. 18 R(Ns3)eR(N+3)/A(L=1)-R(N+4) *A(L+3)-R(N+

R{N+1)sR{M+T)/A(L-B)-R(N+2
*A{L-6)-R(N¢3)*A(L-3)-R(N+
4)A(L+1 )=R(N+5) *A{L+6)-R
(N4+6)*A(L+12)-R{N+7) *A(L+]
R{H)=R(:t)/A{L=10)- R(Wf!)'A
{L-9)-R(N+2)*A(L-7)~ 443

“A(L-4 R(N+4 *A(L)-R(N+5
A L~? +6 ) *A{L+11)-R{N
+7]% +

1-4)=AM4
1-3)=AM3

1-1)=M1
1}sA0
I+1)=A1
142)=A2
143)=A3
1+4)M
1+5)=A5

2o Xe 3u 30 2 30 3> 30 Te 20

146)=A6
147)=A7
1+8)=A8
149)=A9
+10)=A10
I+11)=A11
1+12)=R12
1+13)=A13
1+14)+A14
1+415)=A15
[+16)=A16
1+17}=RV7

P Bl ol

P>

r |

1+18)=A18
1419)=AYS -
14202020
121 §=r21
1422)=R22
1+23)=A23
1924)2:24
1425)825

DRI I

8

K=K+1

M=

[ ELEMS*I 0

- g){-agﬂ—ézgl\" -2

5 AT

RESh; Miaiz§4a(u 8)-R(1)

R(l‘d-?)ZR(H-Z)IA(N 15

H

|

5 ) *A(L+8)=R{N¢G)*A(L+14)-R({1i47)*A{L421)
R;N#?) R{1112)7A(L-9)-R(H+3) *A(L-2)-R{1+
*A(L42)-R{1145)"A(L+7) -R(1+6 ) *A(L+13) -R
(N+7)*A{L420)
R(11+1)=R(N+1)7A{L-16)-R(N+2 ) *A(L-10) -R(
+3)*A{L-3)-R{N+4) *A(L+] ) -R(N+5) *A{L+6)-R
(HH6)*A(L412) -k (N7 )*A(L+19)
R(N}=R(N)ZA(L-22)-R{N+1)*A(L=17)-R(N+2)
*A(L-11)-R{N+3)*A(L-4)-R(N+4) *A(L)-R i+
5 ) *A(L+5)-R{11+6)*A{L+11)-R(}+7) *A{L+18)

©YES

4

L=26*(NELEMS+

-K)- .
N=4*(NELEMS+1
-K)-3

®

2.13

D0 160 I=1,NEQ
160 SPR{1)=R(1)

20

21

1=1

22 pE——

RNPIsNN+1

23 1

170 SPA
(RNPI)=A(1)

2 |

1=14]

( RETURA )
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CE(STRESS) . DYN13582

C DYN13584

c DESCRIPTICON - TO CALCULATE THE MIDSURFACE STRESSES AND DYN13586

c STRESS RESULTANTS ON THE UPPER AND LOWER SHELL SURFACES. DYN13588

c DYN13590

C INPUT ARGUMENTS.. : : DYN13592

c DTH = MATRIX OF FOURIER COEFFICIENTS FOR THE CIRCUMFERENTIAL DYN13594

C TEMPERATURE GRADIENT DISTRIBUTION. DYN135G96

c IHARM = MATRIX OF HARMONIC NUMBERS FOR WHICH DISPLACEMENTS DYN13598

C AND/OR STRESSES WILL BE CALCULATED. DYN13600

c ITAM = NUMBER OF TIME CYCLE. DYN13602

c Il = PRINT FLAG FOR STRESSES. DYN13604

C NH = TOTAL NUMBER OF HARMONICS USED IN THE DYNAMIC ANALYSIS. DYN1360C6

C NTHETA = THE NUMBER OF CIRCUMFERENTIAL ANGLES AT WHICH DISPLACE- DYN13608

¢ MENTS AND/OR STRESSES ARE TO BE CALCULATFOD. DYN13610

c TH = MATRIX WHOSE ELEMENTS ARE THE FOURIER COEFFICIENTS DYN13612

c OF THE CIRCUMFERENTIAL TEMPERATURE DISTRIBUTION. DYN13614

c THETA = MATRIX CONTAINING CIRCUMFERENTIAL ANGLES AT WHICH DYN13616

c STRESSES AND/OR DISPLACEMENTS ARE TO BE CALCULATED. DYN13618

c DYN13620

C EXTERNALS. DYN13622

C CALLED BY DYN13624

" NLTERM DYN13626

c . DYN13628

0001 SUBROUT INE STRESS (Il,ITAM) OYN13630
0002 IMPLICIT REAL#*8 (A-H,0~2) DYN13632
0003 COMMON /EES/ ES(S).ET{S)EST(5),E13(5),E23(5) DYN13634
0004 COMMON /CONST/ NH,NELEMS NNODES,NSTZE,NPRNTQ¢NEQyNEQT 4N, NN,NHNS, DYN13636
1 DT2,NPRNTL ,NPRNTF ,IDELF,IDCOE DYN13638

0005 COMMON /THETAS/ THETA{20) 4NTHETA,;NCLCST NSTRSS . DYN13640
2006 COMMON /GEQOM/ FNUL1(S50)4FNU2(50),EL{50),E2(50),G(50),T(50), DYN13642
1 SINE(51),COSINE(S1)ySINM(50),COSM(50),R(50),PH(50), DYN1I36S0

1 PHP(50),ARCL(50) : ’ OYN13652

0007 COMMON /GCD/ CC1,CC2,DD)1,DC2,4GG1yGG2 DYN13660
008 COMMON /HARM/ NHP,,ITHARM(S) DYN13670
209 COMMON /THMFT/ TOTIME,DELTE,TIME,TO,T1 DYN136%0
0910 COMMON /QS/ QN(1020),QN1(1020),FORCE{2040),QP(1020},QP1(1020), DYN13690
1 QN2{1020C) DYN13700

c0ll COMMON /THER/ TH(50,5,2) ,DTH{50,4592) ,ALS(5N),ALT(50} DYN13710
co12 DIMENSION BSTRMS(20), BSTRMT{(20), BSTMST(20), BTTMST(20}, DYN13720
1 BSTTMT{20) DYN1373n

0013 [TAM1I=]1TAM-1 DYN13780
0014 TMY1=TIME-DELTE DYN13790
G015 : TPRINT=TM1%10C0000. OYN138020
0016 IF (I1.EQ.1) WRITE (6450) ITAM1,TPRINT DYN13810
C100 PRODCESS ANGLES DYN13812

c DYN13818

0017 DO 40 I=1,NTHETA DYN13820

eLLce-c
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6o18
0019
0020
0021
co22
Gi23
Co24
0on25
0026
0027
co28
6029

0030
0031l
0032
0033
0034
G035
0036

0037
0038
9139
0040
0041
0042
0043

0044
0045
0C46
Q047
0048
0049
0050
0J51
0052

60s3
0N54
0055
0056
0057

c100
c

cl

cl

10

W N

20 STRESS DATE = 72353 11703729
ESU=0,.0 DYN13830
ETU=0,0 DYN13840
ESTU=0.0 DYN1385n
E13U=0.0 DYN13860
€23U=0,0 DYN13870
CHIS=0,0 DYN13880
CHIT=0.0 DYN13890
CHIST=0.0 DYN13909
CTHIS=0.0 DYN13G610
CTHIT=0.0 DYN13920
CTHIST=0.0 DYN1393n
ESUT=0.0 DYN13940
PRUCESS HARMONICS DYN]13950

DYN13958

DO 10 IH=1,NH DYN13960
XITH1=IHARM{IH} DYN13970
CS=DCOS(XIHL*THETA(I)) DYN13980
SN=DSIN{XIHI*THETA{I)) DYN13990
K=4%(11-1)+NEQ%({IH-1) DYN14000

THT=TH(ILsIH, 1) ¢ (TH(IL, TH2)=TH{TL,TH, 1)) *(TIME-TO)/(T1-TO) DYN14010
DTHT=DTH(I1,IH 1)+ (DTH(I14IHy2)=DTH{I1, IH, 1 DI®(TIME-TO}/(T1-0YN14020

T0)

CALCULATION OF LINEAR STRAINS AND ROTATIONS

ESU=ESU+ES (TH)*CS

ETU=ETU+ET(IH)*CS

ESTU=ESTU+EST(IH) &SN

E13U=E13U+EL13(IH)%CS

E23U=E23U+E23 (IH) ¥SN

ESUT=ESUT+ALS(T1)%THT*CS

ETUT=ETUT+ALT (11)3THT*CS

CALCULATION OF CHANGES IN CURVATURE

QB3=—QN{K*1)*SINE(T1)+QN(K+3)*COSTNE(TL)

QB7=-QN(K+5)%SINE(I1+1)+QN(K+T)%COSINE(I1+1)

CHIS1=(QN{K+4)-QN(K+8) ) /ARCL(T1)

CHIS2=ALS(I1)#DTHT

CHIS=CHIS+{CHIS1-CHIS2) *CS

CHITL=(=XTHI*E23(IH)=SINM{I1I*E13(IH)}/R( 1)

CHIT2=ALT(11) %DTHT

CHIT=CHIT#+{CHIT1-CHIT2)%C$

CHISTLI=(XIHL*EL3(IH)+SINM(T1I*E23(TH)=XTHI#SINM(I1)%(QB3+
Q8T)/(2.%R(T1)) +XTH1* (QBT=0R3) /ARCLUTL ) +(QNIK+6)~
QN(K+2) ) %COSMUTL)/ARCL{TL1 )= (QNIK+6) +ON(K+2) )%
SINM(TI1)%(COSMITLI/(2.#R{T1))+PHP{I1)/2.))/R(I1)

CHIST=CHIST+CHIST1#SN

CTHIS=C THIS#XTH1*(CHIS1-CHIS2) #(=SN)

CTHIT=CTHIT#XIH1#(CHIT1=CHIT2) *(=-SN)

CTHIST=CTHIST+XIH1#CHIST1%CS

CONT INUE

DYN14021
DYN14023
DYN1 4040
DYN14GSO
DYN14C60
DYN140OTH
DYN1408C
DYN14099
DYN14100
DYN14102
OYN14120
DYN14130
DYN14140
DYN1415¢0
DYN14160
DYN14170
DYN14189
DYN141S0
DYN14200
DYN14210
DYN14220
DYN14230
DYN14240
DYN14250
DYN14260
DYN14270
DYN14280

PAGE 0002
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c0s58
0059
0060

0061
€062
0063
0064
0065
Co66

2067
0Ce68
0C69
oc70
0C71
£a72
0073
0074

0075
0076
0077
0078
G079

0080
9081
0082
0083
0084

0085
J086
0087
J08as
3089
2090
¢negl
0092
0C93

0094

c
c1

cl

cl

Ccl

20

30

40 CONTINUE

RETURN

STRESS DATE = 72353 11/03/29
. DYN14283
CALCULATION OF MIDSURFACE STRAINS DYN14285
EPS=ESU+,5*E13U%%2-ESUT DYN14300
EPT=ETU+,5%E23Ux*2-ETUT DYN14310
EPST=ESTU+E13U*E23U : DYN14320
CALCULATION OF STRESS AND MOMENT RESULTANTS DYN14322
STRNS=CC1*EPS+FNUL(T1)*CCl*EPT DYN1 4340
STRNT=FNU2(I1)*CC2%EPS+CC2%*EPT DYN1 4350
STRNST=GG1*EPST DYN1 4360
STRMS=DD1*CHIS+FNUL1(I1}*DD1*CHIT DYN14370
STRMT=FNU2{I 1) *DD2%CHIS+DD2%CHIT DYN14380
STRMST=GG2*CHIST DYN14390
CALCULATE STRESSES ON THE INNER AND OUTER SURFACES DYN14392
C1ST=1.0/7(11) DYN14410
C2ST=6.0/T{11)*%2 DYN14420
BSU=C1ST*STRNS+C2ST*STRMS DYN14430
BTU=C1ST#*STRNT+C2STH*STRMT DYN14440
BSTU=C2ST*STRMST+C1ST#STRNST DYN14450
BSL=C1ST*STRNS—=C2ST*STRMS DYN14460
BTL=C1ST*STRNT=C2ST*STRMT DYN14470
BSTL==C2ST*STRMST+C1ST*STRNST DYN14480
CALCULATE SHEAR RESULTANTS AND PRINT QUTPUT INFORMATION DYN14482
STIRMT=FNUZ2{11)*DD2*CTHIS+DD2*CTHIT DYN14500
STTMST=GG2*CTHIST DYN14510
THETAL=THETA(I)%*180./3.14159 DYN14520
IF (I1.NE.1) GO TG 2¢ . DYN14530
WRITE (6460) T1,THETALySTRNS,STRNT,STRNST»STRMS,STRMT,STRMST, DYN14540
BSU,BTU,BSTU,BSL +BTL,BSTL DYN14550
GO TO 30 DYN14560
RAV={(RIILI+R(I1-1))/2. DYN1457n
PAV=(PH{I1)+PH{I1-1})/2,. : DYN14560
AAV=(ARCL{I1)+ARCL(I1-1)}/2, DYN14590
SHRS=1o /RAVH({R{I1}*STRMS=RIT1-1) %BSTRMS( 1)) /AAV+(STTMST+ DYN14600
BYTMST(I})/2.-DSINIPAVI*(STRMT+BSTRMT{I))/2.}) DYN14610
SHRT =1, /RAVE({{R{I1)%=STRMST=-R{I1-1)*BSTMST(1))/AAV+{(STTRMT+ DYN14620
BSTTMT{I})/2.+DSIN(PAV)I*{STRMST+BSTMST(I))/2.) DYN14630
WRITE (6470) I1,THETAL,STRNS,STRNT,STRNST,STRMS,STRMT,STRMST, DYN14640
SHRS,SHRT,BSUyBTU,BSTUY,BSL,BTL,BSTL ' DYN14650
BSTRMS{I}=STRMS DYN1 4660
BSTRMT(1)=STRMT DYN14670
BSTMST{I)=STRMST DYN14680
BTTMSTII)=STTMST DYN14690
BSTTMT{I)=STTRMT DYN14700
DYN14710
DYN14713
. DYN14720
DYN14730
50 FORMAT (1H1,3X,6HITAM =91543X,6HTIME =,F12,4413H MICROSECONDS,// DYN14740

PAGE 0003
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FORTRAN IV G LEVEL 20 STRESS DATE = 72353 11703729
1 4TXy33HSTRESSES AND STRESS RESULTANTS,/ DYN14750
2 25Xy 1 THFORCE RESULTANTS31X,18HMOMFNT RESULTANTS,18X, DYN14760
2 17HSHEAR RESULTANTS/ DYN14770
2 19Xy 4HNCS) L1 X 4HNIT) y 11X s5HNIST) y 10X 4 4RM(S) y 11X, 4HMIT), DYN14780
2 11Xo SHM{ST) 410X ,4HQ{S) 411X, 4HQITY//12H ELEM THETA,/ DYN14790
3 53H NO (DEG) o ok OUTER SURFACE STRESSES +DYN14800
3 51H Hae ek k& INNER SURFACE STRESSES xkkky/ DYNL4BLO
4 15X,41H% SIGMA(S) SIGMALT) SIGMA(ST), i DYN14820
4 47H SIGMA(S) SIGMA(T) SIGMA(ST) %/) DYN14822

0095 60 FORMAT (14,F8.2,61{1PD15.4),30H XXXX XXXX v/ DYN14830
1 12H STRESSES **,6(1PD15.4)) DYN14840

0096 70 FORMAT (14,4F8.2,8(1PD15.4),/,12H STRESSES *%,6(1PD15.4)) DYN14850

3097 END '

DYN14860

PAGE 0004
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( STRESS )

CALCULATION OF
LINEAR STRAINS
AND ROTATIONS

CALCULATION OF
CHANGES IN
CURVATURE

RCCES!

REPEAT ARMONICS,

DONE

CALCULATION OF
MIDSURFACE
STRAINS

S

CALCULATION OF
STRESS AND YOMEN]
RISULTANTS

CALCULATE
STRESSES ON THE
INNZR AND QUTER

SURFACES

7

CALCULATE SHEAR
RESULTANTS AND
PRINT QUTPUT
INFORMATION

REPEAT

Q0CESS AHGLE:

STRESS J-3.117
Functional
lof 1l



J-3.118

PROCESS

PROCESS

PROCESS

12

PROCESS

PROCESS

STRESS
Detall Suppressed
lofl



1

ITA4) =1TA%-1
TH1=TIIE-DELTE
TPRIGT=THY*
1300399,

CTHIT=0.0
CTHIST=0.0
ESUT=0.0

‘
\B)
17

STRAS9C1PEPSHEHUN (T1)*CCI*EPT
STRAT=FNU2(11)*CC2EPSHLC2ERT
STRAST=GGY*EPST
STRMS=DDT*CHIS+FHUT( 11)*DD1*CHIT
STPMT=FHU2(11)*DD2*CHIS+0D24CHIT
STRMST=GGZ*CHIST

C15T=1.0/7(11)

€25T=6.0/T(11)*%2

BSUSCIST*STRNS+C2STRNS
BTU~CIST*STRUT+C2ST*STRMT
BSTU=C2ST*STRIST+CIST*STRNST
BSL=CIST*STRES-C25T*STRAS
BTL=CIST*STRNT-C2ST*STRHT
BSTL=-C25T*STRIST+CIST*STRUST
STTRIT=FNU2(11)*DD2*CTHIS+D02*CTHIT
STTMST=GG2*CTHIST
THETA1=THETA(1)*180,/3.14159

XIRI=THARA[TR)
£S=DCOS(XIH1 *
THETA(L))
SHeDSIH{XIHI®
TELRH Hyaneqe

10

i siA{11, T, 1) +{TRUI1, IH,
2)-Ta{11,TH,1) ) *(TIKE-TO)
7{11-72)
DTHTSTTH(IT, IH, 1)+(OTH(1Y,
1H,2)-0TH( 11, IH,1) )*(TIxE-
T0}/(71-10)

1] 1

ESUESUES( 14)*CS
ETU=ETUHET( IH)*CS
CSTU=ESTU+EST{ IH)*s
£13u=E1354E13(1H)*CS
£23u=62399£23( IH)*SH
[ESUT*ESUT+ALS( 11 ) *THT *CS
ETUTaETST+ALT(1 ) *THT*CS

|

QB3=-QI(K+1}*SINE(DY)
QB7=-Q(K+5)*SINE(1141)
CHIS1=(Qu{K+4)-21(K+8))
CHIS2=ALS{11)*DTHT
CHIS S+{CHIS1-CHIS2)
CHIT1=(-XIHT*E23( 1)
CHIT2=ALT(I1)*DTHT
CHIT=CHIT+(CHITI-CRIT2)

13 |

CHISTI={XIHY*E13( [R)+STM{11)*
E22(1P)-XTHI*SIM( 11)+(083+Q37)
{2 R{11))+XIH1*{437-C33)/
ARCL{ F1Y+{ Qi (K+6)-Cu{KX+2}) *COSM
(11 )/ARCL{TT) - (Gri( K48 ) +Qi(K+2))
SSINI(TT)*{C0S(11)/(2.*R(IT))
1112.0)/R(11)
CTHIS+XIHI*(CHIST-CHIS2)

CTHIT=CTRIT+XIHT*(CHITI-CHIT2)
CTHIST=CTHIST+XIHT *CHISTI *CS

14 | 10

CONTINGE

e |

IH=1¥+)

STRESS j-3.119
Detall
lofl

WRITE (6,60) I1,

THETAI,STRES  STRAT,
STRNST,STRHS,STRIT,
STRYST,BSU,BTU.BSTU,
SL,8TL,BSTL

26 20
nnv-gk(ll)*R(11-1))/2.

PAV=(PR{I1)+PH(11-1)}/2.
AAV={ARCL{11)+ARCL
(11-1))/2.
SHRS» 1. /RAY*( (R(11)*STR'S
-R{11-1)*35725(1) ) /ARV+
(STTHST+BTTHST(1)

2 |

SHRT=1, /RAVS{ (R{11)*STRYST]
-R{I1-1)*35TMST(1))/AAV+
(STIRT+BSTINI(11))/2.+
DSIH(PAY)*(STRAST+8STNST
(nye.)

28

WRITE §6.70) n,
THETA} ,STRNS, STRAT,
STRNST ,STR“S ,STRMT,
TRAST, SHRS , SHAT 85U,
BTU,BSTU,BSL ,BTL ,BST!

21 30

BSTRMS(1)=STRHMS
BSTFRAT(I)=STRMT
BSTHST(1)aSTRIST
BTT!’.ST{I =STRYST
BSTTMT(1)aSTTRMT

22 40

CONTINUE
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0001
0one02
0003

0Co4
coons
0006
0co7

coos

09
0010

0011
co12

0013

20

CE(TFORCE)

a¥skaizks ks ks iakslsNzEaRakakzkake ke ks Xk Xe ks R e e X ke

cl

INPUT ARGUMENTS.

ARCL
18

TIELM
IHARM

NELEMS
NH

PHP

TH

OUTPUT ARGUMENTS.

EXTE

1
1

1

1

MAIN DATE = 72353 11703729

DYN16852

DYN16854

DESCRIPTION - TO CALCULATE THE LINEAR THERMAL LOADS ON DYN16856
THE SHELL STRUCTURE. DYN16858
DYN16860

, DYN16862

= MATRIX OF THE ARC LENGTHS OF THE ELEMENTS (S-DIRECTION). DYN16864
= FORCE ARRAY STEPPING PARAMETER, USED TO MODIFY CURRENT  DYN16866
BLOCK OF STORAGE FOR FORCE. DYN16868

= NUMBER OF SHELL ELEMENTS. DYN16870
= MATRIX NF HARMONIC NUMBERS FOR WHICH DISPLACEMENTS DYN16872
AND/OR STRESSES WILL BE CALCULATED. DYN16874

= TOTAL NUMBER OF ELEMENTS USED TO IDEALIZE THE STRUCTURE. DYN16876
= TOTAL NUMBER OF HARMONICS USED IN THE DYNAMIC ANALYSIS., DYN16878
= DPHI/DS AT THE MIDDLE OF AN ELEMENT. DYN16880
= MATRIX WHOSE ELEMENTS ARE THE FOURIER COEFFICIENTS DYN16882
OF THE CIRCUMFERENTIAL TEMPERATURE DISTRIBUTION. DYN16884
DYN16886

DYN16888

= MATRIX OF GENERALIZED FORCES DUF TO EXTERNAL LOADS AND  DYN16890
TEMPERATURES. DYN16892
THERMAL COEFFICIENTS USED IN CALCULATING GENERALIZED DYN16894
LINEAR LOADS DUE TO THERMAL EFFECTS. DYN16896

= GENERALIZED LINEAR LOADS DUE TO THERMAL EFFECTS. DYN16898
: DYN16900

DYN169602

BY DYN16904
INPUT DYN16906
DYN169C8

SUBROUTINE TFORCE (IELM,18) DYN16910
IMPLICIT REAL#8 (A~H,0-Z) OYN16912
JGEOM/ FNUL{50) FNU2(50),E1(50),E2(50),6(50),T(501, DYN16S14
SINE(S51) ,COSINE(51),SINM(50),COSM(50) ,R(50),PH{50), DYN16916
PHP(50) 4 ARCL(50) DYN16918
/THER/ TH(5045,2) yDTHI50,5,2) 4ALS{50),ALT(50) DYN16920
JHARM/ NHP, THARM(5) DYN16922
JCHALS/ AL{167) yCHECK(6,8) DYN16924
JCONST/ NH,NELEMS,NNODES yNSIZE,NPRNTQ,NEQ,NEQT4NsNN,NHNS, DYN16928
DT2,NPRNTL yNPRNTF , IDELF, IDCOE DYN16530
/QS/ QN(1020) ,QN1(1020),FORCE(2040),QP(1020),0P1(10201, DYN16540
QN2(1020) DYN16950
/QUES/ 0(8),QQ(8) DYN16960
DYN16970

THERMAL LOADS DYN16972
DYN17010
CCES{1)=PI#*EL(IELMIST(IELM)/(1.~FNUL{TELM)*FNU2( TELM)) *(ALS(IELM) ¢ DYN17020
FNUL(TELM) *ALTCIELMI) DYNL7030

1

FORCE
Q
QQ

RNALS.
CALLED

COMMON

C OMMGN
COMMON
COMMON
COMMON

COMMON

COMMCN

DIMENSION CES{4)

LINEAR

PI=3.1415G%265

CES(2)=PI*E2{ IELMI®T(TIELMI/(Lo-FNULCIELM)*FNU(IELM) I *(ALT(TELM)}+ DYN17040

PAGE 0001
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0014

0015

0016
0017
0018
0019
0020
0021
0022
0023
0024
- 0025
0026

0027
0028
0029
0030
0031
0032

0033

0034

0035
0036
N3y
0038

0039
¢040

0041
0042
2043

OO0

10

20
30

40

50

1

1
1

20 TEORCE DATE = 72353 11703729

FNU2(TELM) *ALS(TELM))
CES(3)=PI*EL(IELMI*T{IELM)*%3/({12e%(1.-FNULCTELM)*FNU2{TELM)) )=
(ALSCTELM)+FNULUTELM)*ALTITELM))
CES(4)=PI*E2( TELMI*T(TELM)%%3/(12+%( 1, ~FNUL{ TELM)*FNU2(IELM)))*
(ALTCIELM) +FNU2 (TELM)*ALS(TELM))

CALCULATE PHPP(IELM)

1F (IELMJEQ.1) GO TO 10

IF (IELM.EQ.NELEMS) GO TO 20
PHPP1=(PHP(IELM)=PHP{TELM=1}) /{ARCL{IELM) +ARCL(TELM=1)) %2,
PHPP2=(PHP{TELM+1)=-PHP{IELM) ) /(ARCL{TELM)+ARCLUIELM+1)) %2,
PHPP=(PHPPL1+PHPP2)/2. ’

G0 YO 30

PHPP=(PHP (I ELM#+1)=PHP(TELM)}}/ (ARCLUTELM) +ARCLITELM+1})*2,
GO TQO 30

PHPP=(PHP{IELM)=PHP (TELM=1))/(ARCLITELM} +ARCL{IELM=~1}) %2,
CONT INUE

18P1=18+¢1

DO 90 IH=1,NH

KYP=IHARM{ IH)

YKP=KYP

IF (THUIELMyIH IBPL)oEGeQOs ANCoOTH{TELM,IH,IBPL1).,EQ.0) GO TO 90

Q1) =(~CES(L)*AL{4)+CES{2)XAL(1T) ) «TH(IEL My IHy IBPL)+YKP*%2%
CES(4)*AL (44)*DTH(IELM,TH,IBP1)

QU2)={=CES{L)*AL(5)+CES(2)*AL(18) )*TH(IELM, THy IBPL)+{YKP*%2%
AL(45)-AL(21))*CES{4)*DTH(IELM,IH,18P1)

QUE3)=(—~CESI1)*AL(6I+CES(2)%AL(19) ) *TH(IEL My IH, IBPL)#(~-2.%
CES(3)*ALIL)+CES(4)a(YKP*X2%AL{46)=2.%AL(22)))%
DTH(IELM,IH,T1BP1)

Q4)=(=CES{1)*AL{T7)+CES(2)%AL{20) }xTH(IEL My IHy) IBPL)+{-6.%
CES(3)*AL(2)+CES(4) = (YKP:%2xAL(4T)-3,.%AL{23)))*
DTHUIELM, IH,IBPY)

QU5)=CES(2)%AL(21)*THIIFLM, TH,IBPYL)=(CESI3)*AL(1)%PHPP+CES(4)*
AL(37))#DTH{IELM,IH,IBP1)

Q{o)={CES{L)*AL(LY+CES(2) *¥AL(22)V ) *THITELM, IH, IBPL}-(CES(3)*
(AL{4)+AL(2)%PHPP)+CES(4 ) *AL (38) )*DTH(IELM,1IH, IBP])

QU7)=CES(2)*AL{15) *YKP*TH(IELMyIH,IBPLI+CES(4}*AL (49) XYKP*
DTHCIELM, IH,IBPL)

Q(B)=CES(2)*ALI16) 3YKPHTH(IELM,yIH,IBPL1I+CES(4)*AL (50} *YKP*
DTH{IELM,IH,IBP1)

IF (KYP.EQ.Q) GO 'TO 40

GO TO 60

Do 50 J=1,8
Qld)=2.%Q(J)
CONTINUE

DYN17050
DYN17C60
DYN17070
DYN17080
DYNYI 7090
DYN17100
DYN17110
DYN17120
DYN17130
DYN1T7140
DYN171%50
DYN17160
DYN17170D
DYN17180
DYN17160
DYN17200
DYN17210
DYN17220
DYN17230
DYN17238
DYN17240
DYN17250
DYN17260
DYN17270
DYN17280
DYN17290
DYN17300
DYN17310
DYN17320
DYN17339
DYN1T7331
DYN17340
DYN17350
DYN17351
DYN17360
DYN17370
DYN17380
DYN1739D
DYN17400
DYN1 7410
DYN17420
DYN17430
DYN17440
DYN17450
DYN17458
DYN17460
DYN17470
DYN17472
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FORTRAN IV G LEVEL 20 . TFORCE DATE =

G044
0C45

0046
0047
0c48

0049
0050
0Ccs1
0052

0053

0054
C055

60 DO 7C I=1,8
QQ{i)=0.0

DO 70 J=1,8
QI ) =QQ(T) +CHECK{J, 1 1%Q(J)
70 CONTINUE

DO 80 I=1,8 :
J=4x{ TELM-1) ¢TI+ {TH-1)*NEQ+IB*NEQT
FORCE(J)I=FORCE(J)+QQ(I)}
80U CONTINUE

90 CUNTINUE

RETURN
END

72353

11/03/29

DYN17475
DYN17478
DYN1T7480
DYN17490
DYN17498
DYN1 7500
DYN17510
DYN17512
DYN17515
DYN17518
DYN17520
DYN17530
DYN17540
DYN17542
DYN17545
DYN17550
DYN17563
DYN17560
DYN17570
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TFORCE

1

PROCESS

PROCESS

PROCESS

— >

PROCESS

14
B
REPEAT 00 100

1 OONE

S
DO LI

PROCESS

DOHE

17
00 tooP
18

00 LCOP

ConE

19 I

TFORCE
Detall Suppressed
lofl



TFORCE
Detail
1 of 23-3.125

TFORCE

1

§ (-CLS(1)*AL
)'CES(Z)'AL(?O;)
P1=3.14159265 'TM([ELM in,16P1
+{-6 'CES(32'AL zz
2 T s(a) (v:"'z
“Z A
ICES(1)=PI*E1( 1ELM it trnn xu 1401)
*T(IELM)/ (1.-7HUT v
(IELM)*FLU2{ JELM) ) Q(5 -ch(z)-AL(ZI)
*(ALS{TELM)+FHUY :{2 lzgnling{?fl)
(IELM)*ALT( IELM)) PGPS r3(4> AL(37;
3 1 YOTH(IELS, tH, 18P1
CES(2)=PI*E2(TELM
;Y(IEEH)/(](’FNS} 1
TELM) *FHU2{IELI 6)={CES(1)*AL(1)
(AT{ 1ELM) +Frv02 ‘{‘éch 52;,-“5%]2 ’é{‘;
* M -
( TELM)*ALS(IELM)) (3;"5Lé5?0AL 22*
P1op JeCes(4)%AL (22
*3TH{JEL!, IH, 1BPT)
CES(3)=PI*E1(1ELM 23
e H)y**3/(12.% -
(Iffgkd%(zz{§)s 9(7):CES(2)'AL(]5
THU2 (TELM) ) ) *ALS YKP: TH(ZELM;IH.
‘X MY+ FUT (TELH) IBPT)+CES{4)*AL
*(] rYl (49)*YKP=DTH( TELM
CES(a Pl E2(TEWH 1. 18P1)
. 73
}T?S l”f &13 (8)=CES(2)*AL(16)
:uz(x:thil gn ; YKP*TH(IELM, IH,
(TELK ) +F0 [18P1)+CES (4)*AL
PALS{IELM) 50)‘VKP‘DTH(IELM
14,1

o

1 10
PHFP= (FHP(TELHT )
-PL3( IELM) )/ (ARCL e
(TELM)+ARCL(TELM
+1))*2.
8 22 2 I 50
PHPP1=(PHP( IELH)- PHP
PUPPPHPCLELIN-1  H(1F11.1))/ (ARCL(TELM)
CancLtTeonyy, JARCL(sELH-1 )22, Q)=2.%00)
ARCL(1EL%-1))%2. fﬁﬁpf'épﬁ’(lgL““)
(szn +hR ( ELM#1)) 28 I
10 l JInJ+1
HPP= (PHPP1+
pHpp2)/2.
l
2 | 3 |l==
CONTINUE
|
18P1=1841 3
1 I Q(1)=0.0
IHel » l

KYPaIHARM( IH)
YKP=KYP 33 70
2Q(1)=00(1)
+CHECK(J, 1)
*0(J)
TH(IELM, IH,18P] 2.6 3 '
.€Q.0.AND. DTH(IELM
1H,1BP1).EQ. Jeg+l
0
17
Q(1)=(-CES(1)*AL 35
(4)+CES(2)*AL(17) NO
*TH(IELN, IH, IRP1)
FYKPH*2*CES(A)*
4Y*9TH "
A fapgrmaes, * YES
I=141
37




TFORCE

Detail

,

1]

— 1

Je=q*(1ELM-1)+
1+(IH-1) *REQ+
IB*NEQT

3 | s

FORCE(J)=
FORCE (3)+QQ( 1

CONTINUE

H=1H#




FORTRAN IV G LEVEL

0001
ocoQ2
0003

0004
0005
oone
0007
ccos
0n09

0010
co11

o012
0013

C014
Co15
0016
0017

20 ‘ MAIN DATE = 72353 11/03/729
CE(THCOE) DYN16102
c DYN¥6104
c DESCRIPTICN -~ TO READ IN THE TEMPERATURE AND TEMPERATURE DYN16106
c GRADIENTS FOR UTILIZATION IN COMPUTING THE THERMAL DYN16108
c FOURIER COEFFICIENTS. DYN16110
c DYN16112
C INPUT ARGUMENTS. DYN16114
C I8 = FORCE ARRAY STEPPING PARAMETER, USED TO MODIFY CURRENT DYN16116
c BLGCK OF STORAGE FOR FORCE., DYN16118
C IELM = NUMBER OF SHELL ELEMENTS. DYN16120
C THARM = MATRIX OF HARMONIC NUMBERS FOR WHICH DISPLACEMENTS DOVYN16122
C AND/OR STRESSES WILL BE CALCULATED. : DYN16124
c NH = TOTAL NUMBER OF HARMONICS USED IN THE DYNAMIC ANALYSIS. DYN16126
c DYN16128
C COUTPUT ARGUMENTS. DYN16130
c DTH = MATRIX OF FOURIER COEFFICIENTS FOR THE CIRCUMFERENTIAL DYN16132
c TEMPERATURE GRADIENT DISTRIBUTION. DYN16134
c TH = MATRIX WHOSE ELEMENTS ARE THE FOURIER COEFFICIENTS DYN16136
c OF THE CIRCUMFERENTIAL TEMPERATURE DISTRIBUTION. DYN16138
c DYN16140
C EXTERNALS. DYN16142
c CALLED 8BY DYN16144
c INPUT DYN16146
c DYN16148

SUBROUTINE THCOE (T1ELM,IB) DYN1615n
IMPLICIT REAL*8 (A~H,0-2) DYN16152
COMMON /CUNST/ NH,NELEMS NNODESyNSIZE,NPRNTQ,NEQ,NEQT 4NyNN¢NHNS; DYN16154

1 DT2NPRNTL yNPRNTF,IDELF,IDCOE DYN16156
COMMON /FRCE/ P(T74) yR(T74),S(T74),THETB(74) DYN1 6158
COMMON /THER/ TH{S5C 9542) +DTH(504592)2ALS(50),ALT(50) DYN16160
COMMON /HARM/ NHPIHARM{(S) DYN16162
COMMON /TAPES/ NTsND.NS DYN16170

IF (IELM.EQ.1) TELMZ2=0 DYN16220
PI=3.14155265 DYN1623n0

Ct FIRST ELEMENT//NO{3C) DYN16232
IF (IELM.LE.IELM2.AND.TELM.NE.1) GO TO 30 DYN16240

IF (NPRNTL.EQ.1.AND.TELM.EQ.1) WRITE (6,110} DYN16250

c DYN16260
C1S(I0) READ TEMPERATURE DISTRIBUTION DYN16262
C DYN16280
C READ INPUT DATA FOR CARD TYPE IX = D - 1 DYN16290
READ (ND,120) TELML,IELM24NDP,(THETBII},P{I)4R(I),I=1,NDP) DYN16300
NDP2=2%NDP+1 DYN16310

o DYN16318
DO 10 IF=1,NDP DYN16320
ANG=360,0-THETB(NDP) DYN15339
KEY=NDP2~IF DYN16340

THETB(KEY) =ANG

DYN16350

PAGE €001}
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FORTRAN 1V G LEVEL 20 THCOE DATE = 72353 11/03/29
0018 PIKEY)=P(IF) DYN16360
0019 R{KEY)=R(IF) DYN16370
0020 10 CONTINUE DYN16380
c DYN16383
0021 IF ( NPRNTL.EQel) WRITE (6,130) TELMY,IELM2,(P(I),RI{I),THETB(I), DYN16390
1 THETB(I+1)41=1,NDP) DYN1 6400
. 0022 ND2=2%NDP DYN16410
c DYN16418
0023 DO 20 [DP=1,ND2 DYN16420
0024 THETB(IDP)=THETB(IDP)/57.2957795 DYN16430
0025 20 CONTINUE DYN16432
c DYN16435
o026 30 CONTINUE DYN16440
Cl CALCULATE THERMAL FOURIER COEFFICIENTS DYN1 6442
c DYN16448
0027 DO 100 IH=1,NH DYN16450
0028 KYP=THARM{IH) DYN1646C
9029 YKP=KYP DYN1 6470
€930 PINT=0.0 DYN16480 .
0031 RINT=0.90 DYN16490
0032 IF (NDP.EQ.1) GO TO 70 DYN16500
0033 IF (KYP.GT.0) GO TO SO DYN16510
C DYN16518
0034 DO 40 1=1,NDP DYN16520
0035 PINT=PINT#P (LI (THETB(I+1)-THETB(I)) DYN16530
0036 RINY=RINT+R{I}*(THETB(I+1)~-THETB(I)) , DYN16540
0037 40 CONTINUE DYN16542
c DYN16545
0038 PINT=PINT/(2.*PI) OYN16559
0C39 RINT=RINT/(2.%P1) DYN16560
0040 GO T0 90 DYN165T0
c DYN16578
C041 50 DO 60 I=1,NDP DYN16580
0042 X1=THETB(1)*YKP DYN16590
0043 X2=THETB(I+1)*YKP DYN16600
0044 PINT=PINT+P(I}*(DSIN(X2)-DSIN(X1))/YKP DYN16610
2045 RINT=RINY+R(II%(DSIN(X2)-DSIN(X1)}/YKP DYN16620
0046 60 CONTINUE DYN16622
c DYN16625
0C47 PINT=PINT/PI DYN16630
0048 RINT=RINT/PI] DYN1 6640
0049 GO 70 91 DYN16650
0C50 190 IF (KYP.GT.N) GO TO 80 DYN16660
N051 PINT=P(1)} DYN16670
0052 RINT=R(1) DYN16680
0053 G0 70 90 DYN16690
Q54 80 PINT=0,.0 DYN16700
0055 RINT=0.0 DYN16710

PAGE 0002
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FORTRAN IV G LEVEL 20 THCOE DATE = 72353
0056 " 90 I[BP1=1IB+1
. 0057 TH{LELM,IH,IBPL1)=PINT
0058 DTH(IELM,IH, IBPL)}=RINT
2059 100 CONTINUE
0060 RETURN
0061 110 FORMAT (1H1,31X,47THTEMPERATURES AND THERMAL GRADIENTS ON,
1 10H STRUCTURE///
1 27Xy 11HTEMPERATURE 10X s 1 6HTHERMAL GRADIENT,10X,
2 29HFROM THETA TO THETA (DEGREES)Y//)
0062 120 FORMAT (3I5/(3F10.0))
0063 130 FORMAT (/,60X,11HELEMENT NO.yI341H=,12,//
1 (28X sF9e3315XsF10e3 416X FTe242X¢FTo2))
0064 END

11703729

DYN16720
DYNY6730
DYN16740
DYN16750
DYN16753
DYN16760
DYN16770
DYN16780
DYN16782
DYN16790
DYN16800
DYN16810
DYN16820
DYN16830
DYN16840
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Functional
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READ
TEMPERATURE
DISTRIBUTION

3

CALCULATE
THERIAL FOURIER
COEFFICIERTS

4
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: Detail Suppressed
lof1l

PROCESS

i l

PROCESS

PROCESS

1

12 7] 30

PROCESS

17

PROCESS PROCESS

80

PROCESS PROCESS

PROCESS PROCESS
T I
20 ~ [ 90
PROCESS

TTEAT D LO%?
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J-3.132

21

KYP=TUARIM( IH)
YKR=KYP
PIT-0.0
RINT=0.0

24 .
READ (ND,1 1= 1= PINT=P(1) PINT=0.0
ELM} { L 2 : RINT=R(1) RINT=0.0
zmzrshs "fi
R(1).1=1,H0P) 25 32 I"T
X1=THETB(I) [N —VI'J+P(1 -
*YKp (THETB(I+1)-
X2=THETB(1+1)
NDP2a24NDP+1 *yrp . %hhﬁh}ﬂ;(x)'
% | azits
9 PINT=PINT+P 33
| {1)*(pSIr(x2
;g;XN(Xl))/ I=1+1
27 ] 60
RINTRINTIR 3 .
(1)*(OSIN(X2 YES
~DSIN(X1) )/
YKP
KEY=!iCP2-1F
THETB(KEY) =ANG 2 | U
PINT=PINT/
(2.*PI)
RINTSRINT/
(2.*p1)
CONTINUE
13 l 39 90
PINT=PINT/PI
1F=IF+1 RINT=RINT/PI 1BP1=1841
L. 40
TH(IELM,IH,1EP1)
=PINT
DTH{IELM,IH,18P)
aRINT
4 100
CONTINUE
42
IHalH+)
ND2=2*HDP
B YES

00 20 ivr=1,ND2
20 THETB(IOP)=

THETB(10P)/57.
2957795
44 -
CONTXNUE.

®
1.20



FORTRAN IV G LEVEL 2) MAIN DATE = 72353 11/03/29 PAGE 00C1
CE(TRI4DR) DYN17582
c DYN17584
C DESCRIPTION - TO CALCULATE THE VARIOUS TRIGONGMETRIC DYN17586
c INTEGRALS REQUIRED IN THE CALCULATIONS OF THE DyN17588
c GENERALIZED NONLINEAR LOADS. DYN17590
c : DYN17592
C INPUT ARGUMENTS. DYN17594
c IHARM = MATRIX OF HARMONIC NUMBERS FOR WHICH DISPLACEMENTS DYN17596
c AND/OR STRESSES WILL BE CALCULATED. DYN17598
C NH = TOTAL NUMBER OF HARMONICS USED IN THE DYNAMIC ANALYSIS. DYN17600
c DYN17602
C OUTPUT ARGUMENTS. DYN1T7604
C cce = MATRIX CONTAINING INTEGRALS FROM 2 TQ 2*Pl OF DYN17606
C COS{I*THETA) * COS(J*THETA) * COS(K*=THETA)} * DTHETA, DYN17608
C ccce = MATRIX CONTAINING INTEGRALS FROM 0 TO 2%¢PI OF DYN17610
c COS{IXTHETA) * COS(J*THETA) * COS(K*THETA) =* DYNL17612
c COSIL*THETA) * DTHETA. DYN1T7614
C CSssS = MATRIX CONTAINING INTEGRALS FROM 0 TO 2%PI OF DYN17616
C COSUI*THETA) * SIN(J*THETA) »* SIN{K*THETA) ¥ DTHETA. DYN17618
C SSsC = MATRIX CONTAINING INTEGRALS FROM C TO 2*#PI OF DYN1T7620
c SIN(I*THETA) * SIN(JXTHETA) * COS(K*THETA) * DTHETA. DYN1T7622
c sscC = MATRIX CONTAINING INTEGRALS FROM 0 T0 2%PI OF DYN17624
c SIN(I*THETA) * SIN{JISTHETA) * CNOS(K*THETA) * DYN17626
C COS{L*THETA) * DTHETA. . DYN17628
c $SSS = MATRIX CONTAINING INTEGRALS FROM 0 TO 2*PI OF DYN17630
c SIN{I*THETA) * SIN(J*THETA) * SIN(K*THETA) * DYN17632
c SIN{L*THETA) * DTHETA. DYN17634
C DYN17636
C EXTERNALS. DYN1T638
C CALLED BY DYN17640
c INPUT DYN17642
c DYN17644
0co1 SUBRGOUT INE TRI4OR DYNLT646
coo2 IMPLICIT REAL%*8 (A-H,0-2) DYN1T648
one3 COMMOCN /CS/ CCC(125),55C(125),CS55(125) DYN17650
0C04 COMMON /CS4/ CCCC(625)45555(625)955CC(625),5CC5(625) DYN17652
0005 COMMCN /CONST/ NHoNELEMS yNNODES+NSIZEJNPRNTQyNEQ,NEQTyN,NN¢NHNS, DYN17654
1 DT2sNPRNTL 4NPRNTF,IDELFIDCOE DYN17656
0006 COMMON /HARM/ NHP,THARM(S) DYN17658
C1 CALCULATE TRIGONOMETRIC INTEGRALS DYN1 7660
0007 P102=1.570796 DYN17690
occes 1TH=0 DYNLTT7CD
c DYN17708
occ9 D0 10 M=1,NH DYN17710
oc1o K=THARM(M) DYN17720
c DYN17728
0011 DO 10 I=14NH OYN17730
0012 II=IHARM(I) DYN17740

geL e-r



FORTRAN IV G LEVEL 20 TRI4QOR DATE = 72353 11/03/29 PAGE 0002
c DYN17748
0013 DO 10 J=1.NH . DYN1T7750
0n14 JJ=THARM(J) DYN1T7760
Qn1s IPd=11+JJ DYN17770
0016 IMJ=TABS (I 1~-JJ) ' DYN1T780
917 - IF (IPJ.NE.K.AND.IMJ.NE.K) GO TO 10 DYN17790
018 ITH=ITH+1 DYN17800
0G19 IPM=TI+K DYN17810
G20 IMM=1ABS{11~K} DYN17820
6021 FONE=D0.0 DYN17830
0c22 FTWO=0.0 DYN17840
no23 . FTHREE=0,0 DYN17850
0024 FFOUR=0.0 DYN17860
0925 IF (IPJLEQ.K) FONE=1.0 DYN17870
0326 IF {IPJ.FQ.K.AND.K.EQ.2) FONE=2.0 DYN17880
Qo27 IF (IMJLEQ.K) FTWO=1.0 DYN17890
ncezs IF {IMJ.EQeKeAND.KEQ.G) FTWO=2.0 DYN1 7900
0029 IF (IPM.EQ.JJ) FTHREE=1.0 OYN17910
0230 IF {IPM.EQeJJeANDLJJLEQ.0) FTHREE=2.0 DYN17920
0031 IF (IMM.EQ.JJ) FFOUR=1.0 DYN17930
J332 IF (IMMJ.EQeJJ.AND.JJ.EQ.C) FFOUR=2.,0 DYN1 7940
6033 CCC{ITH)=PIO2*(FONE+FTWO) DYN17950
0034 SSCUITHI=PIN2%(~-FONE+FTWO) DYN17960
0035 CSSUITH)=PIO2*(-FTHREE+FFOUR) DYNY17370
0036 10 CONTINUE DYN17980
c DYN17983
0037 P184=0.785398 DYN17990
0038 IFO=C.0 DYN180CO
c DYN18COS8
0039 DO 20 L=1,NH DYN18010O
0G40 LL=THARM(L) DYN18020
c 0YN18028
0041 DO 20 I=1,NH ' DYN18030
0042 [I=1HARM(T)Y DYN18740
c DYN18048
0043 DO 20 J=1,NH NYN18CS0O
0044 JJ=THARM(J) DYN18060
3045 I1PJ=11+4J OYN180TO
0046 IMJ=TABS(II-JJ} DYN18080
c DYN18Ca8 |
0Cca? 03 20 K=1,NH OYN180SC
0048 KK=THARM(K) DYN181lCO
IN49 KPL=KK+LL DYN18110
9050 KML=TABS (KK~LL) DYN18120
0051 1F (IPJ.NE.KPL.AND.IPJeNEKMLLANDSIMI, DYN1813C
. 1 NE.KPL.AND.IMJ.NE.KML) GO TO 20 DYN181460
0052 IF0=1F0+] DYN18150

0053 FONE=0.0 DYN181l60

veLe-r



FORTRAN IV G LEVEL 20

0054
0055
0056
0057
0058
€059
0C60
J061
0062
0063
0Ce4
0065
0066
0067
¢o68
69
nevo
0071
0Cc72
0073
0C74
0075
0076
coT7
no78
0C79
298¢0
co8l
3082
0083
3084
085

0786
0087

20 CONTINUE

RETURN
END

TRI4OR DATE = 72353

FTWw0=0.0

F THREE=0.0
FFOUR=0.0
FFIVE=0,0
FSIX=0.0
FSEVFN=0.0
FEIGHT=0.0

[F

(IPJ.EQ.KPL) FONE=1.0
(IPJLEQeKPLLAND.KPL.EQ.O) FONE=2.0
(IPJL.EQ.KML) FTWO=1.0
(IPJ.EQ.KML.AND.KML.EQ.0) FTWD=2.0
{IMJ.EQ.KPL) FTHREF=1.0
{IMJ.EQ.KPL.AND.KPL.EQ.D) FTHREE=2.0
(IMJ.EQ.KML) FFOUR=1,0

(IMJ.EQ.KML .AND.KML.EQ.O) FFOUR=2.0

KPJ=KK+JJ
KMJ=T ABS (KK-JJ)
IPL=IT+LL
IML=1ABS{TI-LL)

(IML.EQ.KMJ) FSIX=1.0

(IPL.EQ.KPJ) FSEVEN=1,0

(IPLLEQ.KMJ) FEIGHT=1.90
(IML.EQeKPJeANDKPJeEQ.D) FFIVE=2.0
(IML.EQ.KMILANDJKMILEQ.D) FSIX=2.0
LIPLLEQaKPJ.ANDKPJ.ERQ.D) FSEVEN=2.0
(IPL.EQ.KMJ.AND.KMJ.EQ.O) FEIGHT=2.0

CCCCCIFO)=PI4*{ FONE+FTWO+FTHREE+FFOUR)
SSSS{IFO)1=PI04%( FONE-FTWO-FTHREE +FFOUR)
SSCCOIFN)=PIO4*{-FONE-FTWO+FTHREE+FFOUR)
SCCS{IFO)=PlO4%(FFIVE+FSIX-FSEVEN-FEIGHT)

11/03/29

DYN18170
DYN18180Q
DYN18190
DYN18200
DYN18210
DYN18220
DYN18239
OYN1 824D
DYN18250
DYN18260
DYNL18270
DYN1 8280
DYN18290
DYN1B30O
DYN18310
DYN18320
DYN18330
DYN1834nN
DYN18350
DYN18360
DYN18370
DYN18380
DYN18390
DYN1 8400
DYN18410
OYN18420
DYN18430
DYN18440
DYN18450
DYN1 8460
DYN18470
DYN18480Q
DYN18483
DYN18490
DYN18500

PAGE 00ON3
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TR ILOR
Functional
lofl

J-3.136

( TRI40R )

1

CALCULATE
TRIGONOMETRIC
INTEGRALS

2

( RETURN )



TRIYOR J-3.137
Detall Suppressed

! : lofl

PROCESS

PROCESS

PROCESS

TEPEAT

PROCESS

]

PROCESS

PROCESS

‘______11__9{

PROCESS

PROCESS

13

PROCESS

14

DONE

PEPEA

-(
REPEAT

OOUE

16
RIPEAT %0 toop
17

CONE

00 LOOP
REPLAT

OONE

f




.
P102+1.570796
ITH=0
z . ['
M=
O——]

KaTHARM(M

11=THARM(I)

|

J=1

O——

JJ=THARM(J)
1PJ=11+4J9
IMI=1ABS(11-J3)

8
YES
9 NO

27

D

19

20 YES

FTHREE=1.0

FTHREE=2.0

23

24 YES

FFOUR=1.0

FFOUR=2.0

CCC(ITH)=PIO2*
(FONE+FTHO)
SSC{ITH)aPI02*

<ECAT+ETHD
SRRl

ITH=ITHHY
IPM=11+K
IMM=1ABS(11-X)

10 ]

FOuE=0.0
FTwC=0.0
FTHREE=0.0

FFOUR=0.0

11
ND
12 YES

FONE=1.0

8 |
CONTINUE

I»141
2
O

3 YES

MeMe

»

fLLEan SN0
35 | ves

Pi04=0.785398
1F0=0.0

®
1.36

TRILOR
Detail
l of 2

36

O]

LL=1IHARM(L)

TI=1HARM(1)

40 ]

J=1

O—

4)

JJ= THARM(J)
1PJ=11+J3
1MJ=1ABS(11-J3

KX=THARM(X)
KPL=KK+LL
KNL=IABS(KK-LL)

120 . 56
44 2ND. 1P NE. KL

IFO=TFQ+]
FONE=0.0
FTw0=0.0

FTHEREE=0.0

FOUR=0.0

46

FFIVE=0.0
F51X=0.0
FSEVEN=0.0
FElGHT=0.0

47

48 Tves

FONE=1.0

FONE=2.0

51

FTW0=1.0




TRILOR 3-3.139

-Detall
O, 2 of 2 E
18 > }
NO
M I=l+]

13 YES

36

FEIGHT=1.0

4 YES

FTHREE=1.0

FTRREE=2.0

174 .EQ.KP,
JAND.KPJ
Q.0

FFOUR=1.0

FFOUR=2.0
FEIGHT=2.0
u
KPJ=XK+JJ @
s KK+,
CCCC({IFO)=PI04*
KMI=TA55 (KK-JJ) {FONE+FTWO+FTHREE+
IPL=]1+LL FFOUR)
IML=1ABS (11-LL) §SSS{1F0)=PI04*
{FOXE-FTWO-FTHREE)
i
29
SSCC{IF0)=PIOA®
{~FONE-FTWOHF THREE+
FOUR)
SCCS(1F0)#P104*
(FFIVE4FSTX-FSEVEN)
FFIVE=1.0 3 L
CONTINUE
14 :
N0 a_ |
K=K41
15 YES
FSIX=1.0 NO
‘aibt.aa
13 YES
16 %0
J=04)
1 YES
FSEVEN=1.0

<___.__.___‘
2.18



J-3.141

VARIABLE CROSS REFERENCE

The variable cross reference listing gives an alphabetical
listing of all variables from each routine along with the type of
each variable, the dimension value for variable arrays, the statement
number referencing the variable, and a corresponding letter value
for each statement reference. The letter values for each reference

are one of the following:

U - this indicates that the variable
is simply being used in this
particular statement reference. No
values are being assigned to the
variable in this particular reference.

D - a reference with a corresponding letter
D indicates that the variable is defined
in this statement reference. Examples
of statements inwhich variables could be
defined are COMMON, DIMENSION, all type
statements, and subroutine definitions.

S =~ this indicates that the variable is set
or given a value as in an assignment

statement, input statement, etc...

Preceding page hlank



J-3.142

P - the letter P stands for parameter
and indicates that the variable
appears in the argument Tist of

a subroutine CALL statement.



VARTABLE TYPE

AAV

AL

ALPHK

ALS

ALSTL

ALT

ALTIL
AML

AM10

AM2

REAL*8

REAL*8

REAL%*8

REAL®8

REAL*8

REAL*8

REAL*8

REAL*8
REAL*8

REAL®%8

REAL*8

INITTAL
VALUE

DIMENSION

167

50

50

WHERE/HOW USED

10 85C U
11070,V
11460,V
114%50,U
1151C,Y
115306,U
11550, U
1i57u,0
1162 0,4
1175¢,U
1185¢,U
1195%,1
12050,U
1269t,,S
127904 S
12854, S
12999, S
13CRZ.U
1315G.,U
13184,U
13279,4
13342,U
13370,V
1341040
1345%,U
13470,V

14590, S

93C,D
15680,U
1585C,U
17328,V
1736¢.U
1742ﬁ1U

4320,P

10803,D

16150,0

287045

1086,0
16159,0

2870,5S
1181G, S

1165¢C,S
12630,V

1182Cy S

1¢87<,4D
11180,V
ll“()UpU
1149 ,U
1152°.,U
11539,U
1156\4'U
1157¢,U
11650,V
11760 ,U
1186541
115907,
1206744
12750, S
12807, 9
129Cu, S
130CC,S
1312¢,U
1315C,U
1318(,U
;327LvU
13340,V
1338L,V
13410,V
1345L,U
13480,U

146G0,U
2650,5S
15691,V
1586C,U
1732¢,U
17360,V
17420 ,U
1487C4V

289¢, S
1689C,0D

289C,U

2900, 5
16894,0

29CC,U
1223C,V

1172¢(,5
126804V

12160,V

1U950,S
11180,S
11470, U
1149.,U
1152uy S
1[55,.U
115049, S
11570,0
11660 .U
11779,U
11872,
1197.,U
12070 ,U
1271v,4 S
12816G,5S
1291y S
13Uluve S
13120, U
1315,V
1318C,U
13270,V

13356,U

13389,U
1341G,U
13450,U
13480,U

14620,V

2660,V
157¢o,U
1691040

1732cC,v
17366,V

294G, S
1702¢ .U

2950, S
17635,V

1231¢,U

122¢7,0

12176,V

1104C,S
11120,V
114748,U
11494,S
11520,U
11530,V
11560,V
1157C,U
11670,V
11780,U
1188C,U
1168¢0,U
126(0,S
127206,S
1282G,S
12920, S
13020,8
13120,V
13160,U
1324C,U
13320,V
13350,U
1338C,U
13420,V
134506,V
13480,V

431G,S
15710,V
17280,V
173340,V
173806,V

3020,V
17¢50,U

3C204V
17C40,U

1233C,HV

12230,V

12180,V

11040, S
11190,5S
11474,S
1149¢,U
11520,U
1153L,S
115706,S
11570:,U
11680,V
1179G U
1189C,y
11996 4,U
1261C,S
1273045
12830,S
1293G,S
1303G,S
13120,
13160,U
13250,V
1332C,U
1336G,U
13380,V
13430,
13460,V
13480,V

4490,S
1579C,U
1728C,U
17330,V
1738G,U

7170,D
17G6C U

717G,D
17G67CU

12400,V

12280,V

1219C Y

11C50,U
11216,S
1147¢6,U
115(0,.5
1152u,U
11%40,0
1157C,U
11580,V
116GC,U
118C0,U
1190,V
120CC U
126205
1274G,S
1284¢,S
12949,5
13C60,U
131304,U
1316C,U
13250,V
13325,V
133604,V
13390,V
13430,V
13460,V
13550,V

14900,0
158CCyU
17290,U
17349,U
17380,U

8820,V
17¢90,U

8820,U
17080,V

12430,V

12330,U

12760,V

1105C¢, S
11212,V
11470,V
1154G,U
1152G,U
1154(,S
1157C,U
11590,U
117¢0.U
1181C,U
1191G,U
12910,U
12634, S
12750, S
1285C,S
1295G,S
1337C,U
13130,V
13170,V
13260,V
13320,V
13360,V
13390,V
13430,V
13460,V

15640,V
158190,V
17300,u
17340,V
17390,V

8830,V

8830,V

12510,V
12370,U

11060,U
1131C,0
11483,S
1154C .U
11529,U
1154G,U
11574,V
1159G,U
1172C,U
11€22,U
11620,V
120224,V
12640U,S
1276GsS
1286%0,9S
12969,S
13C7C U
13130,V
1317¢,U
13260,V
13330,V
1336C .,V
13390,V
13430,V
1347G,U

15650,U
15820,V
173CC,U
17340,U
17390,V

13710,0

1371G6,0

125504V

124304V

11C60,5S
1141G,S
11480,U
1151G,U
1152¢,u
1155¢,S
11576,V
11630,U
11739,U
1183¢,U
1193C,U
12038,V
1265GC+S
12770, S
12670, S
12970, S
1338¢,V
13130,V
1317G,U
1326G,U
1334C4U
13370,U
13350,V
13440,V
13470,U

15660,V

1583C,U

17300,V
17350,V
17490,V

14090,U

14100,U

12770,V

12480,V

11G67C,S
1146C,S
1143(,U
1151C,S
11530,V
1155%,U
11570,U
11602,U
11743,U
11842,V
119‘“)|U
1204040
12622,8
1278C,S
12880C,5S
12984, S
13C8u U
1314G 40
13180,V
13278,
1334C,U
13370,V
13410,V
13445,U
13476,V

1567C.U
1584G,U
1731C U
1725G,U
174C0,U

1415C,U°

14180,U

1255C,u

vl e-r



INITIAL

VARIARLE TYPE VALUE DIMENSIUN WHERKE/HOW USED
AM3 REAL®S8 11790,S 12160, 1217C,U 12180,U 12190,U 12750,V ﬁd
w
AM4 REAL*8 11780,S 12160, 12170,U 12180,U 1219C,U 12740,V i:
o+
AMS5 REAL%3 11700,5 1177¢,5 12229,U 1223C,U 1230G,U 12330,U 1239¢,U 12430,U 12500,U 12550,U
12650,U 12730,U
AME REAL*8 1169548 1176L,S 1212u,U 1213C,U 1214C,U 1215¢,U 12640,U 12720,V
AMT FEAL%8 1169C,S 1175(,5 12120,U 12133,U 12140,U 12150,U 12630,U 12710,V
AM8 REAL*R - 1167C,S 1174L,S 12210,U 1223¢,U 1229C,U 12339,U 12380, 12430,U 12490,U 1255¢,U
. 12620,U 12700,V
AM9 KEAL*8 11660,S 1173(,S 12080,V 1209%,0 121C06,U 12110,U 12610,U 12690,V
ANG REAL*8 1526045 1522640 16336,S 16350,V
ARCL REAL*8 50 103432,0 2720,S 27404 S 3C¢30,U 661C,D 714C+0 13650,0 1414C,U 14210'U 14210,U
14590,U 1459L,U 1688C+«D 17154,0 17150, 17160,U 17160,U 1719G,U 1719C,U 172104V
172164V
ARCLI REAL %8 T38CS 744G,V 7459,V 7460,V 7470,V T480,U 7490,V
ARL REAL*8 7330,S 734C U 735%2,U T380,U 71900,V 86T,V
~ AO REAL*8 1182uv,S 12080,V 12120,U 12169,U0 122€0,S 12200,U 12230,U 12230,U 12240,U 122504V
12260,U 12273,V 1278C.U
Al RE AL *8 11333,5 12280,5 12080,U 12120G+.U 12160, 1221G,S 12210,S 1223C,U 1223C,U 1224C,U
12250,U 12260L,U 12279,U 1279G,U
AlD REAL*8 11920,S 12330,U 1233n,85 12420,U 12440,U 12530,U 12560,U 12880,V
All REAL*8 1193G,S 121CL,U 1214G,U 12180,U 1225C,U 12340,U 12370,U 12376,S 12430,U 12430,U
12450,U 1246(,U 128SC,U
Al2 REAL=%*8 C 1194G,S 1210C,U -121G9,S 1214J,U 12180,U 1225¢,U 12340,U 1238u,S 12380,U 12430,V
12432,U 1245C,U 1246%,U 129G0,U ' .
Al3 REAL*8 . - 11956,$ 1214C,U 1214C¢,S 12189,U 12250,U 1234U,U 12390,S 12390,U 12430,U 12430,V
12456,U 12460, 12910,V
Ale ‘REAL*8 1196C¢S 12180.,4 1218G,S 12250,V 12340,U 124CU,S 12406G,U 12430,U 12430,U 12450,V
12460, 1292C,V - ’
AlS REAL*B 11970,S 12250,U 1225C,+S 12340,U 12410,U 1241C,S 12430,U 12430,U 12450,U 124604U
12930, U
AlS REAL®8 11980,S 12340,U 1234C,S 12420,S 1242C+U 12440,U 12440,U 1245C,U 12470,U 12540,V

Al7 REAL*8 1199G¢S 1243C+5 12430,V 12540,U 12560,U 12950,V



INITTAL

VARTABLE TYPE VALUE DIMENSION WHERFE/HOW USED
Al8 REAL=8 ’ 12006,S 1211¢,U 12150,V 12190,U 12260G,U 1235C,U 12450,U 12480+S 12480,U 1255G,U
12550,U -1257C,U 1296G,U
Al9 REAL*B 12010,S 1211¢,S 1211c,U 1215C,U 12190,0 12260,U 12350,U 12450,U 12490,S 12490,V
1255G,U 1255¢4U 1257C,U 12970,V
A2 REAL %8 11840, 12120,5 12120.U 12169,U0 12220,U -1222G,S 1223C,U 12230,U 12240,U 1225¢,V
. 1226Q0,U 12274,U 12800,V
A290 REAL*B 12G20,5 1215C,U 1215%,S 12193,U 12260,U 1235G,U 12450,U 12500,5 12500,U 1255G4U
1255¢+U 1257U,U 1298G.V
A2l RE AL *8 12030,5 1219G,S 1219G,U 12260,V 12350,U 12450,U 12516,S 12510,U 12550,U 1255G,U
12570,U 1299C,U
A22 REAL %3 12342,5 12260,V 12260,5 12350,U 1245C,U 12520,5S 12520,U 12550,U 12550,U 1257C,U
1365564V
A23 REAL*8 12C65CyS 12350,S 12350,U 12450,V 12530,5 12530,U 12560,U 1256C,U 12580,U 1301¢,U
A24 REAL®S 12060,S 1245G,S 12450,U 12540,U 12540,S 12560,U 12560,U 12580,U 13020,V
A2S REAL %8 1257ueS 1255G,S 1255040 13030,V
A3 REAL#8 . 11850,S 121¢€G,S 121600 12236,U 12230,U 12240,U 12230,U 12260,U 12270,U 128ic,V
A4 REAL*B 1186G,S 1223C,U 1223¢,S 12320,U 12330,U 12410,U 12430,U 12520,U 12550,U 1282¢,V
AS REAL*8 © 11879,S 1209C,U 1213C,U 12170,U 12240,V 12280,S 12280,U 12330,U 12330,U 12340,V
1235C,U 123686U,U 1283(,U
A6 REAL*8 1188uU,yS 12794L,S 12C97,U  12130,U 12170,U 12240,U 1229045 12290,U 12330,U 12330,U
12340,U 12350,U 1236L,U 12845,V
AT REAL*8 11890,S 1213C,U 1213C,S 12170,U 12240,U 12300,U 12300,S 12330,U 12330,U 12340,V
1235u,U 1236040 12850,V
A8 REAL*8 119¢0,S 1217¢,S 1217C¢,U 1224C,u 12310,5S 1231G,U 12330,U 12330,U 12340,U 12350,V
1236uyU 128604V d
A9 REAL*8 . “11919,5 1224C,S 1224G,U 12320,S 1232CG,U 1233G,U 12330,U 12340,V 12350,U 12360,V
12873,U0
BSL REAL*R 14460,5 1455(yU 1465C,V
BSTL REAL*S8 14480,4S 1455C,U 1465C,U ﬁ*
w
BSTMST REAL*8 2C 1372CG¢S  1462uyU 14630,U 1468U,S .
H
BSTRMS REAL *8 29 137200 1460C,U 14660,$ e



[

INTTIAL

VARTABLE TYPE  VALUE DIMENS LUN
RSTRMT  REAL*S 20
BSTIMT  REAL*SB 20
BSTU REAL#*8

BSU RFAL®*8

BTL REAL%B

BTTMST  REAL%R ' 20
BTU REAL#S

CARD REAL*B 20
cce REAL*S 125 °
ccee REAL®B 625
cci REAL®8

cc2 REAL%8

CES REAL*8

CEST REAL*A

CET REAL*8

CE13 RE AL %8

cE23 REAL*S

CE413 REAL*8

CE423  REAL*8

CHALS REAL*8

CHECK REAL*8 88
CHIS REAL*S

CHIST REAL%Y

CHIST1 REAL*8

WHERE/HOW USED

1372¢,0
1372040
14450,S
1443(C,S
14472,5
1372¢,D
14440,5S
130,0
7792,0
T1C¢,D

573C,0
882U,

ST30,0
16350,U

T92(4 S
1-".'!6')' S
1732¢G,4
17382,V

794U, S

193%,S

7950, S
88604 U

7960, S
8830,U

B34(,S
8350, S
93540
93(C,D
1388G, S
139CC,S

14200y S

1461C,U
14620 U
14550 ,U
1454¢,U
14550,V
146C00,u
14540 ,U
14C,S
814,V
8524 ,U

604ty D
13660,0

6640 4D
8101:.5
17¢8C,S
17330.,U
1738G,U
8l4v,y
812¢,S

B815(,S
‘888 »U

BLT¢,S
883C,S

8520,
854(,1)
14950,D
265U, S
14166,V
1424 ,U

1424044

1467C,S
14700y S
14650,U
14650,V
14654 U
14697, 8
1465¢,U

3634+ S
8123 +U
1761040

678,45
14340, U

676G+ S
81C4U
1728¢,U
17340, U
1739L'U
8140, S
813u,U

Blou,U
8891 4V

8180,y
886u U

8520 S
654045
1091C,0
2664 U
1416048
14240, S

14274V

3104V
815u,U
18440,S

715040
1434G,U

7150,0
8210,U
17280 ,U
17340 ,U
17400 ,U
8210,4U
8230,V

8210,V
8910,U

82146,U

8870 U

8583,V

8580,U

431C,S
14370,V

14390,V

330,V

882u,U

8100,V

812C.U

B824C U
17280,U
17340,U
174064V

8230 ,U

8240,V

824C,U

8230,V

888U 4V

86CC U

8590V

4490y S

14380,V

3304V

17600,0

812G,U

8170,V

8260,U
173CC,U
17350,V
174206,U

8240,U

8280,V

8260,V

8240,U

8890,V

8610,V

86G0,U

14900,0

39G .U

17950+ S

8150,U

8540,U

8290,U
1730G,U
17360,U
17420,U

8260,V

829G, U

8290,V

8269.,U

8900,V

8630,V

861C,U

15910,V

4C0,U

8170,U

8830,V

1697040
1731¢,U
17362,V

8280,V

8690+S

828G .U

8910,V

8620,U

16910,0

85104,V

13660,0C

17020,
17320,V
17360,U

8290,U

8820,V

8290,V

8630,U

17510,V

852C U

1435C,U

17C4U,S
173240
17380.U

882C S

api e-r

8700G,5 .



INITIAL

VARIABLE 'l'YPé VALUE DIMENSICN AHERE/HOW USED

CHIS1 REAL*8 _ 14140,$ 14160,U 1425C,U

CHIS2 REAL®8 1415045 14160,U 14256,V

CHIT REAL*8 1389U,5 1419C,5 16419¢,U 14370,U 14380,U

CCHITL REAL#8 1417CyS 16419C,U 142604V

CHIT2 REAL*8 14182,5 1419(,U 14260,U

CL2R REAL*8 7570,S 7650,V

COMENT  REAL¥8 4 20 113¢,D0  1156,S  1274,S  1280,U  1490,S 1510,V

CONST REAL*8 58,0 98C,D  5710+D 655G,D 707U,D 9020,0 983G,0 1C280,0 11270,0 1361C,D
1493uU,0 1612(,0 1692G,0 17620,0

CCONSTF  REA4L*8B 116640  12UL,S  3710,U  3980,S  400LsU  4060,U 4720,V

CONSTN  REAL®*8 CONSTANT 116C4D  117C,S 371C,U  4LLO,U  4720,U

CCNST1  REAL*6 8°' * § 1166,0 117¢,S  12(0,U

COPH REAL#S _ 7352,S  T420,U  T45C,U  T4&7C,U  7550,U 7570,V

COSINE  REAL*S 51 1030,D 2720,  274u,S  274GC,S  6610,D  7140,0 13650,0 1412C,U 14130,U 1688C,D

cosM REAL*B 50 1C3C,D  279C,S  661G,D  714G,D 1365C,D 1421CsU 14220,U 16880,0

CO2R REAL*E : 755C,S  7630,U

cs  REAL®8 612usS  6180,U0  T0OC,D  13930,S 14040,U 14050, 14070,U 14090,U 14100,U 1416C,u
14190,U 14270C,U 17600,0

css REAL*8 _ 125 7091,0  8l4G,U  BLIT0,U  8830,U 17600,0 17970,S

€S% REAL#S ' 7166,0 1761C,0

CTHIS REAL#8 ' 13910,5 14252,S 14250,U 1450C,U

CTHIST  REAL*8 13930,5 1427C,U 1427G,S 14510,V

CTHIT REAL*8 13920,5 1426LyS 1426u,U 14500,U

CYCLE REAL*8 110,0  1104,0 113%¢,D

c1sT REAL%E 1441Cy S 14430,U 16440,U 1445C,U 14460,U 14470,U 14480,U Z:

c12 REAL*8 1574C,S 1575C,S 1576G,U 1577C,U 157804V 5;

casT REAL*8 1442C,5  16443C,U  14440,U 14450,U 14460,U 14470,V 14480,V ~

DABS REAL*S 633C,U



INITIAL

VARIABLE TYPE VALUE OIMENSICN WHERE/HOw USED

DATA | | REAL#SB 1170,8

DCOS REAL*SR 279¢C,U 6120, 12985,U 155404U 1554(,U

DD1 REAL¥*8 5730,D 664u,D 682 S 715G+D 13660+,D0 1437G,U 14370,V

bD2 REAL*R 5735,0 6641 ,D 6835,5 715040 1366C¢,0 14380,uU 14380,U 14500,U 145C0,U

DELTE REAL*8 T340 SBLyU 58:4,U 63C+U ~ T36,U 101¢,0D 1320,8 1780,V 26104V 3430,V
491C,V 495L ,U 6577 4D 719C,0 9050,0 9150,V 9200,V $860,0 1368C,D 1379¢,V

DELTEP FEAL*8 1240 107C.D. 32844 S 343C4V 351C,V 5770,0 9060,+0

DOouBLE REAL*S 116G,0

DRO REAL%*8 731CyS 733(,U 733,V 7340,U

DSIN REAL%8 280D, 611C U 13995,U 14610+U 1463C,U 15520,U 1552G,U 15530,U 15530,U 1661C,U

’ 1661Q0,U 1662C4U 16620,V
DSQRT REAL=8 733C,U
DTH REAL*SB 50U15+2 1083,0 '331(,5 3658y S 36604+ S 3780, 3780,V 3900V 3900,5 3929.,5 4650, S

4587,V 47804V 4TRSS 4540,V T176+0 13710,D 14020,U 14020,U 14520,U 1615(,0
167404 S  1689(,4N 1727,V 17290,U 17310,U 17330,U 17350,U 1737C,U 17390,U 17400V

1742C,U
DT HT REAL*8 14220, 1415G,U 14183,U
DTHL REAL#8B ’ 5 1130,0  4420,S  4450,U
D12 REAL®8 560  990eD 201495 S5TIC,D  655UsD  TCTG,0  9620,0  9290+U  9330,U 9350,

935U,U G4 WU 9650 U 9530,D 10u3GsU 1G28Uy0 1127040 1361040 1493040 1612u+0
1692040 1762L,D

DUM REAL*8 1310 1140,0 115645  159u9S 161045  164CsS  1660,5 169GsS  1730,S
02 REAL®E . 732045 T33C,U  T330,U  T350,U

EES REAL*8 . 6620,0  T110,0 13600

EPS REAL#8 143u0,S  1434C,U 14353,U

EPST REAL¥8B 14320,5 14360 ,U

EPT REAL*8 1431G, S 1434C,U 1435C,U

ES REAL*8 5  £620yD.  TI1L,D  7B2G.$  B8150,U  Bl70,U 13600,0 14040,V

EsQl REAL#8 7500sS  T82C,U  821:,U

ESQ3 REAL*8 751Gy S 782C U 8240,V

gyl e-r



INITIAL

VARIARLE TYPE  VALUE DIMENSION  WHEKE/HOW USED

€SQS REAL®*S 7520, S TR2C U 8260 ,U

£SQ7 REAL*S 7530,5  782C,U 8295,V

EST REAL®8 ' 5 662G,0  T11C,D  783C,5  816C,U 8180,U 13600,0 140604V

ESTOL REAL#8 5 7230, 7660,S T8I,V 8210,V

ESTQ2 REAL%S 748C,S  783(,U  B23u,U

ESTQ3 REAL*B 5 7236,0  767C,S  T63G,U 824G,V

ESTQ5 REAL*S : 5 7240,D  T68BG,S  783L,U 8260,V

ESTQ6 REAL*8 749C,S  784L,U  B265,U

ESTQ7 REAL®8 5 7240,0  T694,S  784G,U  8290,U

ESTU REAL#B | 12850,5  16u60,U 1406%,5 14320,U

ESU . REAL®8 13833,§ 14040,  14047,U 14300,V

ESUT REAL*8 13940,5 16409G,S 14492, 143C0,U

ET REAL*A 5 662C,0  71lU4D  78BUL,S  8150,U  8170,U 13600,D 14050,V

ETQ2 REAL*8 5 724040 T79C,S  T71G,U  78OU,U 8230,V

ETQ3 REAL*8 7400,S  783G,U  824C,U

ETQ6 REAL¥8 5 7240,0  TT1G4S  T8LE,U 8280,U

ETQ7 REAL®S 7410,S  780G,U 8293,V

ETU "REAL*8 1384G+S 14050,S 1405%,U 1431e,U

ETUT REAL*B 141C0,U  141GC+S 14310,V

El REAL*8 50 102000 2680+S  3020sU  6600,0  6780,U  6820,U 713050 13640s0 16870,0 1702040
17060,U

E13  REAL*8 s 6620,0  T11¢,0  78%0,5 8lCJ,U 8100, B8120,U 8120,U 8140,U 8150,U B8l7C,U
A51usU  BS2u,U  852u,)  B520,U  B54L,U  B882L,U 13600,0 1407usU 14170,U 14200,V

E13Q1 REAL*S 744C,S  T51C,0  785L,U  82lu,U  858L,U 8860,V ' o

£1393 REAL®8 7450,S  T50(,U  Tb5u¢,U  B8240,U  8620,U 8880,V §o

E1305 REAL®SH 7460, 753C,U  T850,U  826U,U  861C(,U 8890,V 35

£13Q7 REAL*B 747008 T520sU  T850,U  829L,U  8630,U 8910,V

€13V REAL®S 113860,S 14070,U 160L7¢C,S 1630C,U 14320,V



INITIAL Ca
VARIABLE TYPE VALUE DIMENSICN WHERE/HUW USED !

»
—_ .
¥4 REAL*8 5¢ 142G4+0 26904 S 3v2CyU 66CU,D 67904,V 6830,U 7130,D0 13640,0 1687C,0D 17040&b
17¢80,V
E23 REAL*8 5 6622,0 TL1G,4D 7860+ S 81CN,U 8190,V 8120.U 812C,u 814G,V 8160,U 817u,U
8516,U 8520,U 854L.U 8545,V 8540,V 8830,U 13600,0 14C80sU 14170,U 1420C,U
E23Q1 REAL*38 5 7234,0 162145 7670,y 7860,V 821¢,U 8580,V 8660,V
E23Q2 REAL*S T420, 5 74304 786w WU 823C¢ U 8590,U ' 8870,U
E23Q3 RéAL*S . 5 72310, T630,S T66L4 U 7860,V 8240,U 86CQ0 U 8880,V
E2345 REAL*8 5 7230,0 764C,S 7696y U 786C U B260,VU 8610,0 889C,U
E230Q6 REAL*8 T430,45 787¢,U 828L.V 8620 U 89L0,V
€23Q7 REAL*8 5 723u,D 1653,S 768C.U 787u,U 829G,V 8630,V 8910,V
€23u REAL*8 : 13870, 1468%5,S 14080,U 14319,U 14320,V
FEIGHT FEAL*®S 182305495 1835C,S 18434,5 1847C,U
FFIVE REAL*8 1820.CyS 183605 184((,S 1847TusU
FFOUR REAL*8 17861,S 1793.,S 1794(,S 17970,U 1819L,S 18300,S 18310,S5S 18440,U 18450,U 1846¢,U
FN REAL*S 6TIG,S 6787, 6792,V 6820,V 683C U
FNU1 REAL%8 5C 162,40 256BUyS 3C2C U 66C0,0 677¢,U 713GC,4D 8100,V 8120,V 8150,U 817C v

8512,U AR82L4U 13647+D 14349%,U 1437¢,U 168706,D0 17620,V 17020,U 17C4U,U 1706C,U
L7u7u,U 17080 ,U

FNU2 REAL*8 5¢ 10202,0 26R( S 20U 66CC,0 6TT0,U 7130,0 8830,U 13640,0 14350,U 1438C,U

FONE REAL*8 1783,,S 1787vsS 1788u,S 17953,U 1796G,U 18160,5 18240,S 18250,S 18440,U 18450,U
1846C,U

FOR KEAL*8 B51C,S 8520,U 8540 ,U

FORCF REAL*d 2040 . 38,0 95C D 308645 3093,5 328045 358C,S 3590, S 3740,V 3740,S 3440,V

3H4¢,S 335C,S 4190 S 42004 S 4210y S 422045 4T700,U 470G,V 4730,V 4700,V
4740, 4 4740 ,S 4910,V 5695,0 6580,D 72¢0,D 8990,0 9220,V 9240, U 924( U
G244V 9334 41 935u 4 U 9360,V G360U.U 98C0,0 1uJl12,U 10CG10,U 1C010,U 1G27C,0
1072C,S  1LB5u,U  1GBTu»D 11040,U 1105C,U 11060,U 1106C,U 1107¢,U 11070,U. 1108C,Y
11180,4  1115¢,U 1121948 13699,0 1491G,D 15940,U 15940,5 1694040 17540,V 1754L,S

FRCE REAL*8 14896,0 1614C,0

FRCES REAL*8 4329,U 1487C,40



INITIAL

VARTABLE TYPE VAaLUE DIMENSIGN WHERE/HIW USED

FSEVEN REAL #8 1822745 1838C+S 1842095 1847CHU

FSIX REAL=8 1821G,S 1837¢+S 18410,S 18470,V

FTHREE REAL*8 1785C,S 17913,S 17920, 17970,U 18180,S 18280+S 18290,S 18440,U 18450,U 1846C,U

FY Wl REAL®*8 17840,S5S 1789G,S 179C+S 17950,U 17960,U .18170,S 18260,S 18270,S 18440,V 1845C,y
1846C U

Fl REAL*B 416u)5 419¢,U 423G,V

F2 REAL*8 4160,5S 4200 ,Y 4230,V

F3 REAL*8 416045 4210C4U 423C,U

F& REAL®*8 | 416G,y S 4228,V 423GV

G REAL*8 3¢ 1C20,0 2690,5 3020,V 660G ,0 680G,V 6810,V 713040 1364040 16870,0

GCD REAL%B 573C,D 664C,D 715u,D 13660,D

GECOM REAL*8 142C,D 660140 Ti3L,0 13640,0 16370,0

GGl REAL*8 . ST30,0 ° 664L40 68BLiuy S T150,0 814C,U 8150,V 81704V 8510,U 13660,0 1436C,U

GG? REAL*8 5736,D 6640G,4,D 681Gy S 71500 1366C,0 14390,U 1451GC,U

HARM REAL*8 EIARRY) 106040 576040 716G,D0 1367C,0 14950,0 16160,D0 16900,D 17640,0

HOUBON REAL*8 587c,U S77¢,0

HOUBQ1 REAL®S 58604,V 896G .0

LgL-e-r



VARIABLE TYPE

1ABS

INTEGER

INTEGER

INITTAL
VALUE

DIMENSION

WHERE/HOW USED

510U,0
161¢,U
17454 S
214Gy U
26604 S
269, S
2725,V
274044
2821 ,U
303C,U
313¢,S
ar8L,U
3391,y
35744 S
3742,S
387Uy S
4314, S
GTaC 4
492¢ S
S5l
6270V
8123,U
854344
924U 1)
939G,V
9650, Y
16130,y
lU &30,V
10620,U
16G94u, S
114264 S
11720,U
114820,V
1192¢,U
1252w, U
12640,V
12768,
1286°, U
1296:,U
13510,U
14618, U
15780,V
101 7(4"}
1531641
15480,
1589¢ ,U
16325C,0U
lo54G,
17510,U

8LT7C,U

520,V
1640,V
189¢,S
2140 ,U
2660 ,U
2560 ,U
2720,V
2750,V
3:.2%,U
3030,U
3144 S
3290,V
339¢,4
A58u,U
375¢ .S
3890,U
449C, U
4751485
4924V
550048
673015
8145 ,U
872048
93,04 S
947.,S
267u4S

10197,S
1043L,U
11 62(,U
10950,U
11430,U
11736,U
1183¢.,U
11930,4

1293041

1265%,U
1277¢C,U
1287¢,U
1297u,U
13534,5
14623,
15582,V
151764V
15314,V
1548(,U
1591t.,4
16390 ,U
16540,
175104V

8420,V

125045
lbl’by S
18.C,U
2183,V
266, S
269 S
2720 4U
277va
3027 4U
3'./3\? IS
3149,U
32904 S
323.,U
3590,V
377..U
383L,U
449G ,S
47734,V
498, 4 S
5wy S
6T4u 4 1)
815,V
8730,V
931v U
G483i. 4 U
96H,U
luz2dii,u
1¢54<,8
1562.,U
11420, S
1143,V
11744,U
11841,y
11645,V
12¢ 6.,
12662,V
127674V
12987,V
12980,V
l?S’o‘L.U
146214, U
15.80,U
15170y S
15326,U
154824V
15914,V
163G ,U
16547, U
17516,V

846C 4 U

1349,V
1660, S
1810,V
26601
269@1U
2723,U
2770,V
32044
3030,V
317(,U
332C¢,V
34CG,U
361¢yS
37T70G,U
390U
4490 ,U
4T777,U
4GG0 U
5360, S
T79PU,y S
816U, U
8R20,U
9337,
Q4G U
9722, S
1021d,U
1(55L,U
1069%,S
| D EVERT]
1162045
11758 ,U
11850 ,U
11954 s U
12,50 U
12695,V
12790,4
12890 .U
1299¢,U
1355C,U
14630,U
150504 S
1227C4U
1532¢,S
15495,4,U
1591¢,V
16399,U
1658%,5S
1752045

B784u,U

1340,5
16606,V
1810,S
256%,U
268U, S
2690, S
2740,V
2776, S
3G2uHyU
303G,V
317C,S
332¢,S
3410,V
363U,V
3780,U
390U
449045
478040
49GC 4 U
5970 ,U
76990,U
817¢,U
8830,U
9330,U
95CC¢,U
993‘J'U
10,420,8
16570,V
10700 .U
110406,U
11650,U
11766,V
11“6'1 vU
1196¢ .,V
1296C,U
127UC U
1280C,U
1290C 4U
1352C,U
13820 ,S
14660 U
1509C U
15270,U
1532¢,U
15490,V
15926G,S
16400,8
1659G,U
1753u,U

1778GC.U

1370,S
169C,U
193G, S
259C U
2636, U
26904,U
2740,V
277C,U
3020,V
3060,V
3192,S
3320,V
3420,V
3640,V
3780,U
3910,V
4680,S
478G,U
499( U
5880,V
8C10,S
8180,V
918C,S
9330,U
S50G .U
99945, S
104404,U
185704V
10700,V
11110,S5
11660,U
11770,U
1187u,U
11970,V
12C7G 4V
1271¢C,U
12814G,U
1291C,U
13¢10,U
13980,U
1467C,U
15G9u U
15270,4U
15400,5S
15490,U
15930,V
16400,U
16600,U
17540,U

17820,V

1370,V
1690,S
1940,U
2652,5
2680,S
2700, S
2740,U
27RO S
302u,U
3089,S
316G,V
3320,S
3420,U
365C,U
383¢C,S
3920,U
469G, U
4GCu, S
499G ,4
6C60,S
8G20.V
837C,S
9190,y
93504, U
9520, S
10620,V
10440 ,U
16570,U
10700,V
i112¢,u
1167¢,U
1178v,U
11889,V
11980,U
12600,V
12726,V
1282C4U
1292¢,U
1332C,u
13990,U
1468G U
15093,V
1527C,U
1541C4 U
15520,U
1594GC,U
1652C,S
166106,V

18u80,U

1590,U
1730,S
1942,V
2650,V
2680,V
27100
2740,V
2790 .U
30206,V
3C9L,S
327C¢ U
33294,V
343C,U
3660,U
3840 ,U
4310,U
4700 .U
4900 ,U
5020,V
6NT74 4V
8100,V
8380,U
922G ,U
935C,U
9530,V
12039,V
144G,V
10570,V
107G6,U
11394u,S
1168G,U
11750,V
11896,V
11990,V
1261040
12730,U
1283C,U
12930,V
13G356,U
1452C,U
14690G,U
15692,V
15280,V
15430,V
1553C,U
163Cu.U
1653C,U
1662G,4,U

18120,V

1590,S
1730,U
2020,S
2653,S
2630,S
2720,V
274G, U
279G,
3020,U
329C,U
3270, S
332045
3430,U
3730,S
384G ,U
43146,S
4T3G, S
4910,S
S500C,U
625C,8S
8100,U
851G,V
922G U
9350,V
9630,S
102330,V
10470,S
1¢610,S
1CBCO, S
11400,V
1169C,U
11869,V
11602,V
12560 4U
12620,U
1274C,U
12840,U
12940,U
13500,S
146C0 U
14700,V
15176,4U
1528¢C, S
15450,V
15540,U
16300,S
16530,U
17480,S

18330,V

161G, S
1740,U
2C3¢,UL
2657, U
268L,U
2720,U
2740,4,U
28CT,U
3030,V
3130,U
323C+S
3370 S
3430 ,4
374545
3850,U
431¢,U
G740 44U
4G10,U
SN0N, S
6260 4,U
8124,V
852C U
924l U
9387,S
9640 ,U
10122,S
1343(,U
1062¢,U
1C81G,U
1141¢,U
11700,V
1181¢L,U
1191,V
120104V
1262¢,U
12750,V
12350,U
1295C,U
13S1C,U
146Gi,U
1517¢,U
1531¢,U0
1546C,U
1538(,8
16300,V
165304,V
1749%,U

1835u,U

esLe-r



INITIAL

VARITARLE TYPE VALUF DIMENSICN WHERC/HOW USED

{8 INTEGER 394¢,S 395u,S 3967,U 4CG0,U 4186,V 4320,P 4390,V 4510.P 4520,°P 465C,U
4720,U 4820,U 482u4 S 4830,U 148B7C,U 15930,U 16100,U 16720, 16850,U 1723C,V
175830,V

1§:1% INTEGER 3300,U 330,55 3310,S 3310,U 4390+ S 4450,U 4460,U 4580,V 4580,U 493045

4924,V 4G4y S 494u4,U  1672u,S 1673CU 16T74C,U 17230,S 1727C,U 17270,U 1728L.,U
1729%,U  173450,U0 17310,U 17320,U 1733C,U 17340,V 17350,U 17360,U 17370,U 17380,V
1739¢,U  1T740u U 1741%,U 1742000 174300V

I0COE INTEGER oCy0 99,0 3980,5 572G,0D 656L,0 7080,0 9030,D 1 9840,D 10290,0 1128(,D
123620,0 1494040 1505.,U 1539,V 1613¢,D 16930,0 1763C,0

IDELF INTEGER 6uUyD 99U D 3980, 9 4280,U 5720+D 6560,0 7080,0 903040 9840,0 1029C.0
1128040 136200 1494%,0 16130L,0 16930sD 1763(C,0

1op INTEGER 15330,S 1534L,U 15345,U 1642045 1643CU 16430,V

TELM INTEGER ) 2880, S 2895,4 2900,V 22304 S 2940HU 2950,V 3300,U 33C0,S 3316.5 331C 4V

430y S 4324u,P 443.,S 44504V 446C,U 448U4S 451G,P 4520,4P 4570, 5 458,V
4530,U 458% 4,V 4Q3u,U 4930, S 494Uy S 494C,U4 104CC,S - 1C410C,U  1C54C,U L1G5T0.U
1:5970,0 106U 1uée?u,U 10640 U L0660 ,U 10€6Tuv,) 1067UsS 107CG,U 14870,U 15C3(,U
15640,U 15040, 150AC,U  1513C,U 1593u,U 1610C,U 16220,V 16232,U 1624C,U 162574
16730, 16740,U 1685L,U 17120,U 17G2¢+U 17C20,U 17020,U 1702040 17030,V 17G3( .V
17040,U  170C4uU  1704.,U  17G40,U  17040,0 17C50,U 17C5C,U 170€C U 17060,V 17364L.U
17062,U  17CT0,U  17CT70,U 17uTusU 17uBueU 17C8C,U 17080,U 17080,U 1709C,U 1709C,U
17¢90,U 17130,y 1714:U 17150,U 1715¢,U 1715C,U 17153,U 171l6c,U 17160,U 1716u,U
1716C4,U  1719G,U 17190,U 1719U,U 1719C,U 17210G,U 17210G,U  1721C,U 17210,U 17270,V
17276,V 1728C,U 17294,U 17304,U 17316,U 1732C,U 17330,U 1734C,U 17350,U 17360,V
1737C,U  1738u,U 17390,U 174u0,U 1760G0,U 17426,V 17420,U 17537,U

TELM] INTEGER 287Uy S 2833%,0 44éC'S 4436,U 15080,S5 15090,U 15170,S 15276,U -16300,5 1639C,U

[ELM2 INTEGER 2870,S 288G, U 2912,V 4420,S 4630V 4470,U 15030,S 15046,U 15u80,S 1509C,U
1517C,S 1527¢,U 1622C,S 16240,U 163CC,S 16390,V

IEQ INTEGER : 1013¢,S 1014¢,U

IFLAG INTEGER ©2320,5 2330,V 2345,V 23504V 2360,V 2460,S 247GV 248U,U 2490,V 2500 U

9130,S 94054V 955L4 S

1FO INTEGER - R32C,S 849(1,S B49L U 8520 ,U 8520,V 8540,U 8540,U 1800C,S 18150,5 18150V
1844C,U 184506G,U 1846L,yU 18470,V

gsLre-r



VARIABLE YYPE

IH

IHARM

IHl
I

[ LN

ML
MM

IN
INCRST
INODE
INPUT
INL
IN2

1Py

IeL

1PM

INTEGER

INTEGER

INITIAL
VALUE

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGFR

NDIMENSTUN

WHERE/HOW USED

2273,5S
4uiG,S
L4450,
4940,
7600'U
1685,V
Tvll,U
T8hL U
1093 ,4
14025,V
14200,V
1674C,U
173306,U
1743¢,U

9L,y0
4140,V
8i2usU
13¢7¢,U
17760,
4C9y ’ S
2571}, S
84.60,U
1781u,U
1GRS(,U

BLOUYS
179v0,U

183504 S
17829, S
417C,S
1320,5
2310G,5

47C,U
2340y S
2350y S

8C52,S
1748%,Y

18340, S

17810, S

2280 ,U
4C9¢t U
455045
49404 S
762¢,U
7691 WU
Ta30 WU
T87L,U
16991 4t}
140 2v 4V
1536:,S
172444 S
1734C,U
1753u,U

1C60,0
456u4U
GOau U
1495{ ,D
18f'2€1'U
61 80,41
258 4,U
838y,S
1782+« ,U
1C¢94C U

8uTu .U
1BUS8usS

1836( U
1793¢,U
418us U
178¢C,U
232¢C U

67(,D
2310,4
231¢,0

8GTCU
18uTuyS

18384,V

179104,V

2414 S
4140 ,0)
456C U
583495
T&30 4
T69.4VU
782L,U
896-..4U
11241 4,U
l404as,U
1537C,4
17259,V
173504

13750
Gho U
836u4.U
15374,V
18C4i U

2590 U
841%,U
180240,y S
10964, U

B62N,S
18137,

1837vyU
179640 U
4231,V
335G,U
245045

9143,0
24404 S
2370 ,U

Balu,y S
18130V

18390,U

1792¢4,U

2420,V
4421 ,U
45806,U
S5AR41,U
T6604U
T7¢0 U
T83u.U
917u.P
1396€,S
14052,V
15761 ,U
1727, ,U
173¢0,V

1749,V
4300, U
838u,U
16160,D
18C6G,U

2640'5
8420,U
18C75,U
1u99s,U

8470,V
18139,V

184CC,U

24604V
644G U
2450,V
244G,5

B4 TC U
18130,V

18420,V

304G,5S
4420,5
4580,U
585C,U
7650,U
771044
7830,V
328U .P
1397¢,U
14060,V
1577G,U
17270V
17370,V

180,V
576(1'0
840U
16460vU
1810C VU

6950, S
873045
18uBC,U

847C,U
18280,u

18410,V

416045
245G,V

8470,U
1824044

1843C,V

306G,V
442C,U
464045
586C4U
TooL U
T710,U
784C U
9450, P
14CCu U
14C70,U
1578usU
172804.U
1738C,U

2590,
5840+ U
B440,U
169G0,0

6960.,U
8760,V

1834C,U

8770,S
1829uqU

41704V
2510,V

8760,S
18250,V

330u.U
4440,S
465G,V
5870,P
7660,V
7730,V
785G,U
977G .V
14010,U
14080,V
15933,U
17299,V
17390,V

3660,V
6100,U
8710,V
17250,V

699C,U
8770,V
18350,U

8780 ,U
183C0,U

4160,5

8780,V
182604,U

333G0,S
4450,U
4660 ,U
S8HL.P
T167C U
78u0L U
T7860,U
9960 ,P
1401G U
14170,U
16450,S
17300,V
174G0,U

31604V
T160,0
8730,V
1764C,0

70C04V
17740,S

’

17780,S
183104V

4170.U

1777G,S
18270,V

331¢,S
4450,V
4530495
6hdu,U
7670,V
7839.,U
786UV
14183,P
14C1G,U
14176,V
16460,U
17310,y
17410,V

3180,V
7650,V
8750,U
177200

8u20,S
1L7770,U

17790,V

425040

17760,V

17420,V

32704 S
797G .U
136700
1774C,U

8050,U
177804V

1789C,U

1787C vy



INITIAL

VARTABLE TYPE VALUE DIMENSIGN WHERE /M)W USED

IPRINT INTEGER 8G,D 1050,0D 132048 1760,V 5750,0 589C,U 5890,V 6660,0° 11290,0

iQ INTEGER 2564 4S 2590, 259U U 2590 ,U 2590,V 2600,V 260C,U 2600,V 26GG,U

ION INTEGER 2250, S 2260:4U

[QNL INTEGER 225Nn, S 2400 U

IRSTRT INTEGER 1.7 0 5L 4 U 614 4U 1¢7¢,D 1320,5S 1370,V 1390,U 1786,V 2G60,U 3225,V
577¢.0 97-65L,0 921U 9324:,U

IT INTEGER 589(,S 561GV 6u5C S 6110,U 612G,U 6230,U

ITAM INTEGER ‘ _ 11,0 6234 S 63u,U 650U ,U 690,°P 720,45 740,P 1160,0 4910,V 502¢,U

566uyl) 582:,U 582y P 587v,U 588u,U 5890 ,U 589C,U 59C0,U 5910.U 594U
6220, U 635,01 6380, U 636C,U 653C U 6920,U 6920,U 6920,U 6520,U 6S3C,P
11300,0 11l44t,U 135209U 1358C,U 13738G,U

ITAML INTEGER 1378¢,S 13818,V

ITCOE INTEGER _ 1090,0 398(,S 44Ty U 45C3,U T1R0G,D
ITELF INTEGER A 1n90,D 132¢,S 17944V 2824,V 4340,V T180,0 8650,U
ITH INTEGER 7897 ,S B8, U 8080, S 81C0,U 8lUG U 8120,V 81204,V 8140,V 8150,V 81504V

817%.U 86604 S BYCU S 88CC,V 8820,U 8830,U 17700+S 17800,5S 17800,U 1795C,U
1756%,U  179706G,U

I7P INTEGER . 1uCyD 550 S 5804,V 610,V 63G 4V 1070,D 32804 S 33590,V 3510,V 577C.D
9ubu,yD

Tl INTEGER 6390, S 640C,U

Ix INTEGER 25811, S 2591 ,U 2590, U 2590,V 2600,V 26C0,U 2600,V 26C0,U 26G0,U

[1 INTEGER 613.,S 6140,V 676045 6770V 67704V 67804,U 67804V 6750 ,U 6790,V 680G,U

68.0sY 681C U 68144 6820,V 682G,V 6830,U 6830,U 687C P 6930,°7 6962 ,U
TESC Y 7291 4U 73CC,U 7730,V 81C0,U 8120,U 815C,U 8170,V 8510,V 879¢,U
BT79u,U 87941 8825,U 8821,U 862C . U 8835,V 8834,V 8830,V 13589,U 1381C,U
140UV 14010 U 14015,U  14010,U 14020,V 14020,U 14020,V 14090G.U 141C0,U 14120,V
14120,U 14130, 14130,U 1414G,U 14150,U 14170,U 16170,U 14180,U 14200,U 1420064V
1421¢,0 1421010 14210,U 14214 ,U 1422(,U 14220,U0 14220,U 14220,U 14220,U 14340L,U
1435C U 14370,U 143K2,U 14410,U 14420,U 14500,U 14530,U 14540,V 14570,y 1457(,U
1458(C U 1458C0,U 145909U 16459C,U 14630,U 1460C,U 14620,U 14620,U 14640,V °

gL e-r



VARIABLE

JH

JJ

JMl
JUNK
J1

Jil

KA

KEY
KEYRS

KK

KKP2

KK1

TYPE

INTEGER

INTEGER

INTEGER

INITIAL
VALUE

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

DIMENSIGN

20

WHERE/HNW USED

127C,S
168L,S
%(:(0(‘ [ U
3890,V
4TTC,U
6518U,U
8127 ,U
B4y Dy U
1w el $
11212,U
12360,
124060 ,U
12570,V
17461 ,S

3,50,9
6974 S
8750,S
17944,V
11153,S
11306.,0
729U'S
T3¢,V
14R(, S
463045
6LHR,U
8437, 8
11248, S
1C7.04 S
13280,S
14210,U
69644 S

91C,U
15230,V

1383,5
46574, S
T77¢,U
18330,V

580,55

T740u,U

127¢,U
169C,U
3650 'U
3quyU
,077'\'."‘\'
6208 4y U
8120,U
8521 ,U
104645 4U
10754,V
1121¢,0
1236 ,U
12461 4,4
125Ti,U
1747 ,U

3Cev U
69y Y
BTeUL U
1794¢ U
11160,V
1450,S
T31( Y
T31¢,U
158,95
4TS U
620L'U
844 4 U
1049(,4}
1UT710 1)
13291 ,U
14210,V
6G8¢ U

1187 ,U
1524¢ 44U

139¢,S
469&7”
7787 ,U
580, U

762G,V

128C,U
17QUvS
3661, U
390u,U
473.,U
S¢7 LWl
8l14u,U
R52¢.U
L,6hiry S
11410, S
11215,V
12340 4U
12460, U
12560 U
17472,V

3120 4,U
6990, U

877, U
18Coty S

1520,5S
73204,U
73204V

162¢, S
4740 ,U
624U
8511,V
1°5 ¢+, S
]ialLyS
133.00,U
14224 ,U

371uv. U
15255,V

15vu U
6981), S
T790,U
62044

7833,V

1280,8
172¢,U
3760,8
3914V
4780 ,U
6203,V
8150,V
§545,U
luaBu,U
11020,U
11636G,S
1216(.‘ 'U
126464,U
12585,V
175C¢,S

316G U
TO0 U

177605
18070,V

174G,S
7360,V
7360 U

1637,V
Y AU
£260,S
85234,V
1uSlu,U
1L820,U
140U,y S
14220,V

395¢,V
16340,5

1540,V
69390 U
844Uy S
65C U

7850,U

149¢,S
255(,U
3770,V
3920 ,U
5980,S
6270L,U
815C,U
8540,V
1(. 5()01 S
1104C,U
1227¢ .V
12360,V
1247¢ U
1590¢C,S
1751%¢,U

31804V

834U S
17770,V
18G8C U

3270,58

1720,S
AT U
6270,U
8540,U
1957C,S
1161¢,S
14120,V

1145G,S
16350,U

1750,
699U, U
8450,U
720,V

7860V

149C,U
2650,
37706,V
431Q,S
598u,U
627G+U
8160,V
8740+S
1L570,V
1114G,0
1227C .U
1236G,U
12570,V
1591C,u
17510,V

6L8B0,S

8050,V
17780,V
1832uL 45U

4900,V

4180,S
567%+S
T6LGeS
871G, S
10580, U
1162C,U
1412C,U

11640,V
16360,U

7000,V
8460,V

151C,U
266J,S
3780,V
4310,V
6160,5
803C,S
8170,V
87150 ,U
1059C,S
11150,V
1227Q,U
1236u.U
125706,U
1591¢C,U
17530,V

6090, S

8060C,U
17910,U
18330,V

4190,U
59860,V
7610,U
8780,V
10620+ S
11636,U
14130,V

1259C,U
1637u,U

T730,5S
181¢0+S

1510,S
2660,U
3787,V
4490 ,U
6170 .U
BC4Q U
817G,V
8790,U
10620,V
11180,V
1227040
1246C,U
1257C 4V
1593u,S
17540,U

610G .U

84005
1792G,U

4260,U

614C,S
T97C+S
B780,U
106636,U
13069¢,S
1413C,U

1266G,S

7740,V
18110,U

1600,U
3620+S
38890,S
4490,S
6180,V
B1CO U
8170,V
8790,U
10640,U
111S0,U
1227054
1246GC,U
12570,V
1594C,U
17540,V

8410,V
179204V

4210,V
6150,V
8UTC,U
10440,S
1C643.S
13160,V
14140,V

15210, 5

775G,U
18120,V

Le-r

(82}
161u &
363C,U
389G,40
476045
6180 ,U
81U
839¢,S
87524,
L1068 U

1116C,U
1227¢,U
1246_,U
1257¢ U
1594G4,U

842G .U
1793¢,U

4220 ,U
6182,U
807u,U
1045C U
1G65C U
1311¢,U
141406 ,0

1522CHU

TT6C,U
1832( +U



INITIAL

VARTASLE TYPE VALUE DIMENSIUON NHERE/HOW USED

KK2 INTEGER A T75C,S T8u,C U 7830,V 7860,V

KK3 INTEGER 7761,S TRUG U T820,U 783u,U 7850,V 786C U

KKS INTEGER 777C, S 782¢,U 7840,V 7856,V 7870,V

KK6 INTEGER 778(,5S T80 U 7840,V Tu7CU

KK7 INTEGER 7790,5S 78U U 7824V TR&: U 785UV 7870,U

KMJ INTEGER 1833¢,S 18370, 1839%:,U 18417,U 18410,V 18430,U 1B430,U

KMt INTEGER 3467, 5 847y yU B4TusU 18120+S 18130,U 18130,V 18263,U 18270+U 1827C,U 183CC,U
18210,V 1831( 4V

KPJ INTEGER 1832G,S 1R360,U 1838t .U 184CG,U 18400,U 18420,U 18429,V

KPL INTEGER R45C, S 847u4Y 847UU 18110(»S 1813G,U 1813C,U 18240,U 18250,U 18250,V 182804V

1R290L,U 18290,V

KY INTEGER 586(,S 5874,P 588w, P 595u,U 896GV 9430,P 974C,P 9770,U 1G1C0,U 1025C,U
1L36L,U 1078¢ U

KYpP INTEGER 4662,5 46T, 15370,S 1538L,yU 1547TC,U 15560,U 15756,U 16460+S 16470,U 16510,V
16660,U 17250 ,S 1726u,U 1744C,U

L INTEGER 633uyS H3EC,U B&HI LU B58LU U 858G,V 8590+ U 859C,U 860C U 860U0,U 86(3T U
8610,U B61C,U ROLC 4 862G, 86204,V 8630,U 8630,V 863Gs,U 10380,S5S 1039 U
11164G,S 1118%,U 1118,y 1119C,Uu 1311G,U 13126,V 13120,U 13126,V 13120,U 1313C,U
1313C,S 1313(,U 13130 1314C,U 13156,U 13150,U 1315¢,U 13160,V 13163,U 131604V
1317,0 13170 ,U 13170,V 13180,V 1318C,U 1318G,U 13180,U 1329¢,S 13310,U 1332C.U
13320,0  13320,U 13320,U 13530,U 1334C,U 13340,U 1334C,U 13340,U 13358,U 13350,V
13360,U 1336i.,U 1334A0,0 1336u,U 13370,U 13370,V 133790,V 13380,U 13380,U 13380,V
13380,U  13390,0 13360,U 13390,V 1339C,U 13410,U0 13410,U 1341C,U 13410,U 13420,V
132436G4,U 1343C,U 1343¢yU 13430,U 13440,U 13440,U 1345C,U 1345C,U 13450,U 13450,V
1346C,U 13460,U 1340C,U 1347¢,U 13470.U 1347C,U 13470,U 13480,U 13480,U 1348u,sU

13482,V

LARGE - INTEGER . 49C,4 S 690 4P T00,U 5660 .U 6340,5

LE INTEGER . 633U, U 15040 ,U 162404, U

LK INTEGER 2uk §70,D 2181,S 2190, S 22G:4 S 328045 3330, S 3340,S 491C,U 6310,D 982(+D
1413(}.“ 103\)‘.10 1¢39),U

LL INTEGER Buy D 6CC ¢S 61, S 62%,U 105C 4D 575G+0 582G.U S87C U 58804U 6600.0%‘
8363495 845(,U B4bU,U 11290.,0 11440,U 13520, 18620,$ 18116,U 18120,U 1834L,UW
1835¢,U =

(3]



INITIAL S
VARIARLE TYPE  VALUE DIMENSION  WHERE/HIW USED w
—
(8,3
M INTEGER 7916,S  T97C,U  799C,U 8210,  8210,U 821C,U  8220,U  8230,U  8230,U 8230,5°
8247,U  B24(,U  8247,U B250,U  8260,U  8262,U 8260,U 8270,U B828C,U 82800
8290,U  B29L,U  B829.,U  8295,U  833C,U  B8686,U B8710,U B886G,U B886C,U 88604U
887C,1  88T.,U BEA-,U  BHES,U  B835C,U  8850,U 889C,U  B8890,U B89udsU 890GV
3910,U  8910,U  BAlu,U 10260,D0 13230,5 13240,U 13240,U 13250,U 13250,U 1325C,U
13260 40 1326¢,U 13267, 13262,U 1327C,U 13270,S 13270,U 13270,V 13270,U
MATMUT  INTEGER 9179,U  S28C,U  996L,U  10(850,0
MPRINT  INTEGER 290,S 340,00  37C,S  38C,S  38C,U
N INTEGER S9,0  9BI 4D 223.,S  2325,U  2420,S  2460,U  5710,0  586C,S  S97G.U  6099,S
615usU  6330,U 655,00  TUTi,D  9G20,D  9190,U  931C,U  9487,U  9640,U  983C,D
9937, LGS 40 102usU  1USSL,S  1G560sU  106UC,S 1C61G,U 10640,U 1064C,U 10640 ,U
15663,U 1311 ,U0 13120,0 1312:,U 13120,U 13120,U0 13120,U 13127,U 13139,0 1313(,U
13130,U 1313%,U 1313.,U 1313c,U 1314C,8 1315.,U 13150,U 13150,U 13150,U0 1315. .U
13150,U 131ou,U 13162, 1317¢,0 13176,U 13170,U 13173,U 13170,U 13170,U 13186C,U
12180,U 13181 01  13220,S 13240,U 1325C,U 1325u,U 13260, 13260+U 13260, 1327C,u
1327¢,U  1327¢,U 13270, 133005 13320,U 13320,U 13326,U 13320,0 13320.,U0 133300
13345,0  1334.,4  13347,U  13340,0  13340,0 13340,U 1335G,U 1336C,U 13360,U 133600
1336u,U 1336(,U 1337,0 13375,0 1337¢,U 1338C,U 1338C,U 13380,U 13380,U 1333..,U
13380,U  13390,U 13390,U 13395,U0 1341C,U 13410,U 13410,U0 1341C+U 13410,U 1342.,U
13430,U 13430,U 13430,U 1363{ yU 13430,U 1343G,U 1344C,U 13450,U 13450,U 13450,U
1345C,U  13450,U  13450,U 13406%4U 13460,U 1347C,U 13470,U 13470,U 13470,U 13470,V
13673,U  13480,0 134A0,U  13648C,U 1361C,D 14930,0 16120,0 1692C,0
NA INTEGER 11GuG,S  1173C,S 11630,S 11040,V
NCARD  INTEGER 27C,S  310,U  325,U 32045 410U
NCARDS  INTEGER 123C,S  124C,U  12500U  1450,S  1460,U  1480,U
NCASE INTEGER 22¢,S  2Buyll — 2BLyS  35Usl  42CsS  420,U  430,U  46CsS  48G,S 43U
75%,U
NCASES  INTEGER 200,5  21C,U  432,0 750U
NCF INTEGER 3980,5  40T¢ U
NCF1 INTEGER 411G,S  4120,U
NCLCST  INTEGER : 1U40,0  133(,S  1796,U  574usD  6650,0  6930,U 13630,0
NCLOSE  INTEGER 97¢,0  132.,5  179%,0  9C1G,0  9826,0 1ultO,U 10300,0 1G360,U
ND INTEGER 120,00 290,S 260 ,U  339,U  44G,U  1110,0  1230,U  127C,U  1320.U 134G ,U
1370,U 1790, 211.,U  2160,U  2250,U  2330,U  2440,U  2870,U  3980,U 4114.U
4167,U  4420,U 14970,D  150HG.U 15170,U 16170+0 163GU,U
NDIRCT  INTEGER 216L,S  217C,U 2167,
NDP INTEGER 1517%,U 1517('gS 1514¢C,U 15196 ,U 152RC,U 15290,U 15300,U 15310u,U 15420, U 15440 ,U

16300,S 163CLU 1631C,U 16320,V 16330,U 164U0,U 16410,U 16500,U 1652C,U 16580 ,U



VARIARLE

NDPP2
NDP1L
NOP2
ND2

NELEMS

NEQ

NEQT

NF
NFF

" NH

NHNS
NHP

NI
NIX
NK

NKK

INITTAL

TYPE VALUE DIMENSION

INTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER _

INTEGER
INTEGER

INTECER

INFEGER
INTEGFR

INTEGER
INTEGER

INTEGER

INTEGER

WHERE/HOW USED

15300,8S
15420,5
15184,S
15299+ S

SC.D
1°6\..U
27144,V
43.0L,U
7750

132624V

53,0
586‘:"U
9235,P

1 )‘O'T“J'U
1\.'59{."'U
1612040

5C,0
3574,V
GTh )
Qu,2.,0
'16129,0

10990, S
111345,S

5C,0
2270, U
389y,
4940,
791 .U
Q204D

. 161240

13.50,U

50,40
13610,0

an, D
169;)'\,00

1112445
14.289,0
1068, S

1159¢, S

1532C,U
15432,U
15210,U
1522040

GEuD
196 41
272¢,VU
4470,U
Gu2:. WD

1324 .1

8L 4D
660 1)
930, U
16420 U
1o6ut WU
16927 ,0

51byl'
356U
489, )
924yl
1692¢,0

11040 44
11180,U

98(‘10
2417 4}
4isd.54U
571440
80 1lu,U
I3 40

1645:,U
18U97,U

98‘.4‘")
14930,

1')62 70
1764¢,0

11137,4

Liu0e,U

11177 ,1

16312,S
1533G,U

1531,S
26404,U
2910 U
GahayU
FR3IY,,0
13300,V

197G,S
6L G, U
G475,V
loeadn,y
12720,V
1753(.,U

QRG,LD
3735,V
LR 1U
936( 4yU

17530,V

113G5%¢C .U
11194 ,U
1377 ,U
25504
442 0,U
5330,V
BY3d,U

16284 ,0
16924,0

200Uy S

151220

153C,S

11185,U

11650,V

1L17%,S

16340,V
1641045

158¢,U
268L ,U
2932 ,U
457%4,U
12800V
13615,0

1982,V
6554 ,D
Q630,U
1C460,U
1127¢,40
1762¢,0

1989, S
3740,U
SO0, U
9833,0
1762¢0,0

11060,V
11210,U
137¢,S
305U
4449,U
61 ".,UQU
833C U

1127¢,0
17240,U

ST10,D
16920,0
1700,4
11180 U

11¢60,U

11180,V

16429,U

16GG,U
263C,U
3uv3C,U
4750 .U
1v66C,0
14930u,0

2280,V
6960,U
983341,0
16470,V
11420,V

202CyU
3830,V
5990,V
1301¢ U

110604V

1744u,U
327G,V
4550,V
6010,V
83704U
1’61(110
17620,D

6550.,0

1762u,D

3G40,U

11190,V

11066,V

1119v U

1623,U
268C U
3350,U
4G390,U
1127¢,40D
1612u,U

2420,V
TOTC,0
992L4U
1050C U
1350uV

3260,U
384C4U
5069,V
1628G,0D

11070,V

1740,S
3279Q,S
4640 ,4,U
608G,V
8390,V
13969,V
17710,V

67040

5760,D

11194V

11¢7C,U

1120045

1630,V
266G, U
3310,V
4940,V
11610,V
1692¢,0

256U U
7730,U
9960 ,P
1050C,u
13610,0

332C,U
3850,U
5710,0

1127040

11670,U

1800,V
339C,U
47604 U
6550 ,0
8430,V
14930,0
17730,V

9020,0

7160,0

11210,V

11070,u

11200+5S

168C,U
2690 U
3610,V
5710,0
13095,U
1714G,U

4189,U
9G23,0N
99504 U
165C0 4,V
140C6C .,V

3320,U
4180,U
655040
13610,0

11080,V

1800,U
331C¢.V
490U, U
6950 ,U
8683,V
15C804U
1775¢,U

9830,0

136790

11219,U

11070,U

112106,V

1710,U
2690,U
375u,U
6555,0
1322u,U
17620,D

4650,U
917G,P
1¢194U
185CC U
1493C,0

3320,V
465C, U
6730,V
1493¢,D

11130,V

196C,U
3629,V
4930 ,U
7370,0D
6§720,U
1509G,U
18010,V

10280,0D

1495040

1109C,u

1790,V
27CL Y
3870,U
6763,V
1323C¢,U

571C,D
9180,
10397 ,U
1u54C,U
1593C.,U

337¢,U
&73C Y
767040
1593C U

2CCO U
376044
4G35,U
7590C 4V
874¢,U
1536C,U
18C3C U

11270,0

“1616C,0

65L°€-l



e

VARTABLE

NLTERM
NLTRMS
NM1

NN

NNODES

NNPI

NODRE

NODRES

NOIT
NP

NPT

NPK
NPRNIT
NPRINMS
NPRNT

NPRNTF

NPRNTH

NPRNTL

NPRNTQ

INITIAL

TYPE VALUE

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

- IMTEGER

INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

DIMENSION

T40,U
663,00
lllUOQS

5y )
7('7"'0
1570 ,u
13610,9

S5u,D
L2-2:192%Y]
1" 80,0

9390,S
969 '3y

1ui9¢, S

97240
3340,V

8':"0
21604 S
Q1l94G, S
93530G,U
9650 ,U
luulo, Yy
615(,S

19,0
133@,5
177, D

by
9840,D

1090,

olN
AC3C D
15315,V

50,0
1¢ 283,D

AHERE /HOW USED

3360 U
T12¢D
111141

GBu 0
9C21:40
1062¢ U
1493C,0D

98,0
5711 4D
1127),0D

Q‘Ob.} .U
9TQL WY

10155,

2114,5S
4910,V

59 ¢S
217044
G200.U
9350|U
993{,S

1061¢,U
618U, U
1C7440
18(U U
1C7¢,0

G940
1029u,0

133¢,9

9 4D
984740
1613¢,0

FAL,0
1127040

582U U

312045
9390,U
1964u,1)
1612.,0
1960, 5
596." U
13612,0

G4t s4 U
Q7L U

1:‘1‘.'\)'U

212U
45104

105C,0
2180,V
92C1 U
93574V
9947, U
19040, U
62009 U
1334,
3159,U
1335,8

133645
1128'/,0

1793'U
133,55
1uve9 0D
1625:,U

132645
13610,0

6530,D

3139,V
953u,U
1L7C0 U
16920,0

197¢,U
613G,V
14934,D

94CL U
97C0 41

1C110,U

2133,U4
9:°10,0

1359,S

923014,V
936C U
9941 4, U
1Z84C U

1780,V

1780,V

179¢,U
13620,0

4540,V
112800
16394 ,4,U

17680,U
14934,0

314G4,U
968C,U
1G960,8
17620,0D

2370G,4U
6250,U
16124,D

95304 S
9710,uU

lul2d,u

2140 ,U
9H20G4D

575C,0D

9220,V
936C .U
994 U
1005C U

5770,0

5770,0

401G, U
1494C,4,D

718¢,D
4ul0,U
1362040
16930,0

5710,0
1612640

3170,V
9830,0
16979.+Y

2510,V
655090
1692C,0

9540,V
11400,S

10354,5

2190,U
1009u,U

550G,V

G24C U
9480 ,S
99490 ,U
1CC50,U

639C .U

6380,V

46(0,U

"16130,0

41304V
14940 ,D
17()3010

592041
16920,0

3190,V
1C280,D
111C04U

2570,V
TGT70,0D
17620,0D

955 U
11410,V

10360,5S

22CC U
163090,uU

6660,0

924G ,U
9490,V
1036C, S
10060,V

6393,V

640C,U

5720,0
16930,0D

4230,V
15060,V

6550,0
17620,0

571040
10440,U
112706,0

2770,U
9C 20,0

9550,V
135842,S
10360,V

328GV
10350,0

6930,U

92402 ,U
9640,S
1501CG,U
1006G U

9G64 4D

9C 60,0

6560,+0
17630,0

572C,0
1569¢C. U

T7C7u.D

5850, S
10480,V
11400,V

277040
9830,0

9560, U
1355045
16370,U

328G,S

1129C,D

9250,U
965G4U
16610,V
10200, S

708040

356C90
1513G,U

9020,D

ooL e-r

655(,0
105C0 .U
13546,U

425%,U
10280 ,4

968u,sS

1038¢,U

333(¢ 4V

S31(,S
G65C,U
10C1u,U
1621Cyy

903C+D

TCRL,LD
1527¢,U

983¢ 4D



INITIAL

VARIABLE TYPE VALUE DIMENSICN AHERE/HOw JSED
NPESTR INTEGER 9435,V 974GsU  1C2504D
NS INTEGER 126,90 209 S 1114+D 1769,V 2630,U . 2660,V 429C,V 431CyV 4380,U 4430 U

1497¢,0 1617G,0

NSIZE INTEGER . 57,0 98040 1710435 1730,U 19904+ S 24C¢0,U 3080,V 3090V 3126.U 313C,U
. ' 3140, 31724,V 313U 571040 585Cq.U 655L,0 7070,D 9C2C.D G380,V 952L,U
Q6Tu. U 983L,0 1lu28,0 11270,0 11390,V 1353C,U 13610,0 14930,0 16120,0 1652040

17620,0D
NSTRSS INTEGER 1¢4C,0 133.,S 1794,V 574G,0 665G 4D 6913+ 6920,V 6520 U 6930,U 13630,D
NT INTEGFR o 124¢,0 1114,0 12274 S leay,y 1450,V 149040 153G,V 1590V 16104U 1644 ,U

166u U 1699, . 173U 1740,0 179CyU 2657,V 268(,V 272040 2740,V 2T7¢,U
3383,V 39, 313.,U 3140,V 32704V 32804V 33C0,U 332u4U 4900,V 491C U
4930, U 5OCUIU  14u97.,S 1C980,U 14970,0 16170,0D

NTF INTEGER 3261,S  32S0,U  4897,S 4920,V

NTHETA  INTEGER 194C,D 134045  134L,0  1810,U 1810,U  193G,U 5T40,0 6(5J,U 6650,0 1363C,0D
12320,V

NW INTEGER' 1127¢,0

[ REAL*E T4 14894,D 1508C,S 15095,U 1517u,sS 15230.,S 1523G,U 15270,U 15310,U 154B80,U 1552C,U
1557Ge0 157601 1614%,0 1630C,S 16360,U 1636045 1639C,U 16530,U 1661G,U 16673,V

PAV REAL*S 14530, 5 14610,0 14630,Y

PH REAL®S 54 153G,0  272¢,S  2740,S  27S0,U  2870,U  3U30,U 6610,0 T7140,0 13650,D0 1456C,U
1453G,U 16883,0

PHP REAL*S 5¢ 103,00 272L,S  274U,S  3u30,U  661C,0  T14C,D 13650,0 14220,U 16880,0 1715C,U
1715¢,U  1716u,U 17160,U 17194¢,U 1719C,U 17210, 17210,V

PHPP REAL%SH 17170¢,S 1719C,S 1721G,S 1736N,U 17390,U

PHPP1 REAL%S 1715045 1717C,U

PHPP2 REAL*8 : 1716CyS  1717G4U

Pl REAL*8 191CyS  192C,U 15u27,S 15570,U 15530,U 15760,U 1577G,U 15TEC,U 16230,5 1655C,U
L6560, U 16630 ,U 16640,U0 1T012,S 17420,U 17(40,U 17C60,U 17085,V

PINT REAL%8 15480,S 1552G+$ 1557C,S 1561045 15680,U 1559G,U 15760,5 1583u,U 1584CG,U 1648:,S
16530,S 1653.,U 1655.,U 16550,5 16610,U 1661045 1663C,5 1663C,U 16670,S 1670C,U
16730,U

PIN2 REAL%E 17650,S 1795C,U 1796usU 17973,U

P104 REAL*8 1799C,S  1864C,U 1R45¢,U 18460,U 18470,V

L9L-e-r



INITIAL

VARIABLE TYPE  VALUE DIMENSICN  WHERE/HDW USEG

Ca
PRINT REAL*8 BYD 105640  575C,0 666040 1129040 &
PS PEAL®S 165040 9CaL,D 985040 §§
0 REAL*R 8  169060,0 154145 15€4.,U 1564GsS 1565045 15650,U 15660,5S 1566C,U 156705 15670,U

15630,S  1568BL,U 15690 ,S 156%0C,U 15700,U 15700,S 15710,S 15716,U 1579C,S 1580i,S
15A1CyS  15420,S5 1583{,S 15840L,S 1585C+S 15860,S 15910,U 16960,0 17289,S5 173C0,S
1732C,S 1734{+S 1736%sS 17380,S 17400,S 174204+S 17470,S 1747, 17510,V

Q83 REAL*8 ' 1612655 14200,U 14215,U

Y REAL%8 1413G,S  1423C,U  1421G,U

o0C1 REAL%8 4STLsS  4998,U

QDC2 REAL*S ' 4960,S 4S9 ,U

QDC3 - REAL®S 495045  4960,U  4STA,U  4950,U

QLOAD  REAL®8 206 S4G4D  568¢sD  6uTieS  6160,U  618G4S  620UsS  6200,U  6270,U  898G,0  928G,P

§33u,U 934 ,S 935(,4S 935C U 9490 ,U 95C0, S 9650,V 979C,0 9G60,P 1G03L,S
w3,y 10145,4S 1021045V .

QLNAD] REAL®%8 . R UPY GCTCD 91Tt +P . 922G,V 9220,5 924C +S 9240,U 9330,S 935045 §5G0,S

QN REAL*8 1v20 , - 2100 14,5 956,0 2C30,S 233CsS 234C,S 23530, S 236u,sS 259G, U 255U
L2590,V 259, 4U 33244 S 3380,V 3390yU 499u,U 500G, U 569C,0 5980,U 613C,U
62.94+VU 6330,V 658L,0 72000 7300,U 780G,V 183C U 78CU 4V 7820,U T62C+U
T82ity4 782 4,U T834,U 783C,U 7830,V 7840,V T840 ,U 7840,V 7650,V 7850,V

- 785¢,U THSC U Tb62,U T8E0 WU 786( U 7870,U 7870,V 7870,U 899G,0 23T,V
GLisy S Q2u1.4P 94y S 965U,V 98000 9940,4 1605u,U 10210,S 13690,0 1l612C,U
141204U 141370, 1413C9U 14140,U 1414C,yU 14210,U 1421C,U 1422C,U 14220,U 14%1v,D
1694¢C,D

oN1 REAL*8 1024 3¢ D 950 4N 2061, 247Uy S 24804 S 249¢,S 250Gy S 26G0,U 260C, U 2600,V
26U U 332045 3395,V 3400, S 499C U 569C,D 6580,0 T200,0 €9950,D 917C, P
92u04U 965C 4y 98CU»D 9640,V 10040,U 10C50,S 13690,0 14910,0 16940,0

QN2 REAL*8 1020 30,0 95040 499044 566G 4D 6580,0 720040 8990,D 965045 $800,0 934G,V
9943, S 996¢L P 1004CyS 1369040 1491C+D 16940,0

QP REAL%*8 1¢2v 300 a5c ,0 3420 ,U 3430, S 3430,V 3430,V 4990, S 50C0sU 569G,40 6530 +0
6T4usS 099y S 6990 U TCCG WS 720U+ D 8990,0 9350,U 38C0+D 10010,U 100C&6C,U
136944D  14914,0 16945L,D )

QPR REAL*8 845 663640 £99¢ 1) TCGuurU 7120,0 7990y S 821G S 821G,V 8230,S 8230,U 8240 S
i 825044 R2604 S 82604 U 828C U B28G S 825U+ S 83CC,u 8580,y 8580,S 859¢C,U
85675 8601, S B6 LU B61u S 8olCsU 862GV 8620,S 863G .S 8630,L 836G,V
886U, S 8370.,U RBTLYS 88EJyS 8880,V 889G,S 889G, U 8900,V 8900, S 8910,U
891C,S

QPRIME  REAL*8 - 6870,U  7US0+D



INITTAL

VARIABLE TYPE  VALUE DIMENSION  WHERE/HOW USED

QP REAL%E 1v2e 30,0 52045 95u,0  332G,S  3410,U  3420,S  SG00,U  5690,D 6580,0  720C,0
8399C¢,0  924%,U  98.2,D 1821L,U 10060,5S 13690G,D 1491G,D 1694U,D

QQ RFAL®8 8 14960,D 1589.,5 15910,S 15910,U 1594G,U 1696C,0 1749C,S 17510sS 1751UsU 1754C,U

Qs KEAL*8 2,0 950,00  5693,0  6580,0 72000  899C,D 98000 13690,D 14910,0 16940,0

Qss REAL*S 1uG1lG,S 10030, U

QUES REAL#8 1496C,D0  16960,0

Q1 RCAL%8 23L0.S  2330,U  2440.S  247C,V

Q2 REAL*S 23040,S  234%,U 2440 ,S  24E6C,U

Q3 REAL®8 ' 2372,S  235G,U  2442,S  249:i,U

Q4 REAL%8 2301y S 2367 ,U 244545 2500,V

R REAL®8 55 163u,0 2720,5  2745,5  3u2u,U  661U,ND T140L,D 11310,0 1143u,S 11580,5 1153L,U

11520,U 1159 4,0 1159.,U 1159C¢,S 1159C,U 1llodLU 116LCsS 116u5,U 11603,U 1l6¢T,U
1227wsU 1227 S 1227¢,U 122T7u,¥ 1227G,U 1227C¢,U 12362,U 12360, 12360,U 123644V
12367,U  12360,5 1236u,U 1246usU 12460 ,U 12406U,U 12460,U 1246U,S 12462,U 1246%,4U
12475,U 1257:,S 1257",U 12%7.,U 1257G,U 125703,U 1257C,U 12570,U 1258C,U 1258%,U
13N6uyt) 13967 ,S 13C6.,U 13LT7¢9) 13C70.S 1307¢,U  13070,U 13C8C,S 13280,U 1308(sU
1308G,U  13¢R0,U 13120,U0 1312¢,U 13120,V 13120,U 13120,V 13120,S 1313G,U 1313.,U
1313u,U 12135, 1315t,U 13130,U 1314C,U 1315%,U 1315065 13150,U 13150,U 1315%,U

“1315C,u  13167,0 131635,U 1317v,U 1317G,U 13170,U 1317C,U 13170,U 1317C,S 131R5,U
13180,U  13184¢,0 13244,y 132406,5 1325C,U 13250,U 1325C,5 1326G,U 13260,U 132¢,U
13260,5 1327t,U0 1327,V 13270C,U 1327645 1327Tu,U 13320,U 1332¢,S 13320,U 1332(5U
13320,U 13320,U 13345,5 133445,5 13340,U 13340C,U 1334G,U 13340,U - 13350,U 13360,5
13367,U 13300, 133620V 1336G,U 1336C,U 1337C,U 13370,U 13383,U0 13380,U 133304yU
13381,S  13360,U 133d0u,U 13390,U 1333¢C,U 13395,V 1341C,S 13410,U 13410,U 134140,V
1341C,4 1341c,U 1343,,S 1343C¢,U 13630,U 1343¢,U 13430,U 13430,U 1344C,U 134504V
13459,U 13450,S 13450,0 1345C,U 1345(,U 13462yU 1346C,U 13470, 1347C,U 1347C,U
13470, 13470, 1347.,U 1348u,U 1348u,U 1348°,U 13510,U 1365040 141TUsU 1421uvyU
14220s 0 14220,1)  14572,U 146570,U 14600 ,U  14600,U  16620,U 14620,U 1489C,D0 15C8usS
15097, U 1517¢,S 1524C,S 15244, 1527C,U 15310,U 15490+U 1553C+U 15580,U 1L577C,U
1614%,0 16300,S 16373,5 1637u,U 16390,U 16540U,U 16620,U 16680,U 16880,4D

RAD REAL®*8 1926, S 1947 ,U

RAV REAL*S L45TuyS 146Lu,U 14629,V
RESIRT REAL =8 106, 0 137¢,0 5773,0 96U D

<
RINT . REAL*8 1545,,S 15530,5 1558145 15620+S 15640,U 1565C,U 15660,U 15670,U 15770+,S 1579C,51

15800,U 15810, 15820,U  16490,5 1654G,U 1654U,S 16560,U 1656UsS 1662095 16620,
1664C,S 16640,U 16665045 167105 1674CHU ;
. w
RL REAL %8 8670, BB6L U B&TUWU 888C,U 8390,V 8900,V 89104V



INITIAL

oL e-r

VARIABLE TYPE  VALUE DIMENSION  WHERE/HIW USED

RM REAL*8 736C,S  T370C,U  T9¢0,U  8670,U

RSL  REAL®B 7900,S  8217,U  8233,U 825G,U B260,U B28u,U  B8300,U 8580,U 8590,U  B6GO,U
BollsU  B62usU  8633,U .

RSTANT  REAL*8 STUsD  9ulLsD 982040 1u3LG,0

RZ REAL*S 112640 722740

RO REAL®8 51 1122,D  2T70eS 722340 7310, T31C,U  T7360,U  7360,U

R21 KEAL*8 T312,S  T4IleU  T4l0,U  T420,U  T48C,U  T490,U  T550,U  T560,U  T5T0,U  T585,U
1750,0

s REAL*8 74 1489G,D 15G3G,S 15099,U 1517045 15250,U 15250,S 15270,U 15310,U 15540,U 1578C,U
1614440

SCCs REAL¥S 625  T1GD4D  6541,U 17613,D0 184754V

SETUP  REAL*A 69C, U 5660, D

SHRS REAL*B 1661.C,S 14645 ,U

SHRT REAL%8 14620,S 14650,U

SINE RE AL*B 51 1020.D  -2720,S  2740sS  274U,S  6600sD  7130,0 13640,0 1412C,U 16130,U 16870,0

SINM REAL*8 5, 1C3CsD  2600+S  661C,D  Tl40,0 1365C,D 14170,U 14206,U 14200,U 14220,U 1688(,D

SINT REAL*8 15500+S 15540,S 15590,5 1563045 15700sU 1571G,U 15780,S 15850,U 15860,U

S1PH REAL*8 7340, T440,U  T469,U  T48usU  T49C,U  T56U,U  7580,U

SLVEEQ  REAL*8 940 sD  568L,0  BIBE2,0  979( D 10270,0 1126u,sD

SL2R  REAL*s 7565, T641.4U

SN REAL#8 6110sS 620U, U 1399C,S  14G60,U 14G80,U 1424G,U 14250,U 14260,U

SOLVEG REAL*8 945C,U 1C18L,U 11243,0

SC2R HEAL*S 7586,S  7620,U

SPA REAL#S 655¢ 112600 1141C4U  13550,5

SPR REAL¥S 204 11260,0 11430, 13516G,S

ssC PEAL#B 125  709¢,)  810%,U  8l20,U  8150,U 1760C,D 17960,S

sscc REAL#S 625 . T177.0D  8520,0 1761C.D 18460 ,S

$5SS REAL 8 625 T1u34D 8540 9U 17061040 1845045



VARIAAL

STIFM

STRESS
STRHMS
STRMST
STRMT
STRNS
STRNST
STANT
STTMST
STTRMT
T

TAPES
TOT2
TEST
TFORCE

TH

THCNE
THCON
THER

THETA

THETAS

THETAL

m

TYPE

REAL*8

REAL*8
REAL%*8
RFAL%8
REAL*B
REAL*8
REAL*S
REAL*8B
REAL=E
REAL*8

REAL%8

REAL*B

REAL#*8

REAL®S

REAL®*S

REAL=*8

REAL=*A
REAL*8
REAL*S

REAL*®H

REAL*R

REAL*®8

INITTAL
VALUE

END

OIM=NSTON

655y

5t

5J1542

SHERE/HIDW USED

19270,0
1685,V
1119¢C,U
663G,V
14370, S
1439¢,S
1433¢,S
1434¢C,S
1430uy S
14354, S
1451045
14510, 8

lu2C,D
T713u,0

12240

198¢,0
458, U
l4t015,U
1736 ,U
451C,U
1C90,0
1:873,0

1040 ,D
1363y¢,D

LG4, U

6230¢,5S

10450¢,5
1€87{ D
1121u,U

1358040

14430,V

14450,1)
144444
14634 ,1
14452,V
14440,U
146Ci.,U
1462L,U

269i.,4S
13641 ,D

111u4D
G33%y,V
316,V
1685\; '0
33.0%,S
4T7TusS
14 10,U
17"’8(."U
161GC,D
7186,0
717\)'!)

134u40
13938: U

5741 ,0

6240 4V

10492, S
11040,V

14660C,U
144R:,U
14475,U
144€C,U
14649, ,U
14473 ,U
166¢€¢,U
1470540

3G3),V
l4614ueU

14974,0
93504V

336,V

3631,S
4TTe U
1€15:2,0
1740041

1371uy0

1817, S
13997,V

6650,0

1452C,S

1651045
11C5u,U

14540,V
14547,V
14564C,U
14540, U
14540 4,U

1454¢C,4,U

660G,0D
1442,V

16173,0

364(yS
493CHV
1€73C,S
1742¢,U

16150,0

19413, S
14520,V

1363¢,0

14540,V

1058CS
1106CyU

14600,V
14620,V
14616,U
1464C,U
14640,U

1464G,U

678G,V
16870,0

377C4U
T717u4D
16390,0

1689040

194C,U

14640,V

10630,S
110692,V

14640,V

146335,4U

146406,V

6T79C U
17020,

377048
8794 ,U

17270,U

5740+0

10650, 5
11C7C,Uu

14660,U
1464C,U

1467G6,U

6800,V
17040,V

3890V
8790,V
17280,V

6llu.U

16710+,S 1079045
11070,U 1107G,U

14680,V

681UV 6820,V
170604V 17080,U

386C,S 3910, S
8790,V 13713.,0
17300,0 17320,U

6120,V 6230,V

1082¢,
11180,

683(,

4460y
140 l(:,
1734C,

665G,

S
¥

v

S
U
U

qoLe-r e



INITIAL
VARIABLE TYPE VALUE DIMFNSICH wWHERE/HNW USED

THETB REAL*8 T4 1489C,0 1517CG+S 15202,U 1522045 15276,U 15289,U 15310,U 15320,U 1534C,V ISZQG'SCJ
1545usU 1546 ,U 154BU,U 15480,U 1549C,U 1549C,U 1614C,D 163C0,S 1633C,U 1635055
1.39u,U 1639C,U 16437,U 16430,5 16530,U 1653G,U 16540,U 1654C,U 16590,U 166CG,0 W

THT REAL*S B79¢,yS 8B2u 1) 8832, 14010,$S 14090,U 141C0,U éﬁ
TH1 REAL=*8 5 - 113G,D 4420 ,S 446U,V

TIM REAL®8 399+ S 4uS2,U

TIME RPEAL=8 740 6$L'S b4y yl) 69GC,P 13C,U 73C,S 101640 491GV 5010,V 566G4U

593:7,U £350,U 6573,0 719040 8790,Y 9C5U40 9140,V 91504V 9860,0D 99804V
136B(sD 1379C,U 1laevldyU 14020,V

TIMEP  REAL*B 10C,D  56G+S  58I,U  630,U 107640  3280,S  350G,U  577C,D 90600

TMFT REAL*R TeeD 1C16,4,0D 6570,0 T1904+D QLS D 986G,D 1368040

™1 PEALXSB : 13766, S 138JC,U

TOTIME  oEAL®8 - 70,0 58L,U  1C10,0  1320,S  1780,U  38G0,U  4000,U 6570,  T190,0 ~ 9850,D
9860 +D 1368040

TPRINT  REAL®S ‘ 1380G,S  13814,U

TPRNT  REAL*S 3500, 3510,U  405U»S  4L6D,U  501G,S  5020sU  5930,S  594C,U  6220+U

TRI&40OR REAL*8 321G,U 1758u,0 .

TO REAL*8 . T¢C,0 57C+S 660G,y S 1¢1G640 3280495 379G+S 39604 S 49104V 657G,0 T7150,0
8797, U 87904V 905U, 0 9140 U G9laL U 915¢ U 915C,U 986040 998C,U 996Uy

1363240 1601CyU 14010 yU 14022,U 14026,V

Tl . REAL*8 164D €4ty U 66i4U 101G 40 32804S 37904U 38G0,S 396C U 3980+ S 39SCyY
. 4Gous S 491(,U 6575, 719C,+D 879J,U 9G50,0 91404V 9150,V 9860,0 598U, U
13601,0 1601L,U 140235,V

T3 REAL*8 L14C, S 935. .U 9983,S 1CC1%,U

T3M1 CEAL%R 915Gy S 924( .,V

XIHY . RFAL*8 A1, S 611wV 6129,U 13970,S 13986,U 13990,U 14170,U 14200,U 14200,U 14210,V
1425G,U 14260 ,U 142704 U

XK REAL*8 T61CyS 76244V 7633,V 764T,U 1650,V 7700,V

XKEEP REAL*8 2380,5 3400,V 361448 34304U 9540, S 956C U 9690, S 97104V

XN REAL*8 655G 94,V 115C,S 115345 3136, S 317GV 568¢,0 898G,0 .917C,P 9400,V 94C0,S

9545, U 9557 S 969 4 U 97CC U 973C,S 97904+0

xP REAL*8 6551 100D 314,55 3190,V 9L 40,0 9280, P 94CU,U 9550,V 956048 9700, U 971C»S
. 9851,0 996( 4P



VARIABLE

X1
X2

YKP

INITIAL

TYPE VALUL DIMENSTON

REAL*8
REAL*8

REAL#8

REAL%8 51

WHERE/HIW USED

15450+ S
1546C, S

1538, S
1662€C,U

112u,0

1552C4U
15520V

1545u,U
1726¢L,S

277Gy S

15530,V
15533,V

15400 ,U
17282401

7220,0

15540,V
15540,U

15520,V
173630,V

732G U

1659¢ S
166006,

15530,V
17330,V

732C,V

16610,V
1661¢,5S

1554G,U
1735C,U

16620,V
16620,+5S

1647C, S
17400,V

16590,U
17400,V

166C0,U
17420,U

1661C.U
1742C4U

L9L°E-D



TNTTTAL
VAPTARLE TVYPE VAL'SE
&t REAL %8
ALPHX REAL%A
aMG REAL 2R
CHALS REAL*R
CHEK LN YR
rONST RF AL #*R
c12 REAL%R
oens REALER
DSIN RFAL*A
nTo DEAL®R
ern(r REAL#2
FRFE QFAL %R
FRrES REAL*R
HARM REAL®R
¢ TMTEGFPR
H TMTEGFR
INCNF IMTEGER
INELF [NTERER
ne THWTFRED
TFLM TUTEAFRR
[FLMY INTERGFR
1FL2 INTEGFR
IH INTFGFO
THARM , - INTEGFR

DIMENSTNN

167

2n4n

WHFRE /HNW USED

14047, n
15890, 1)

16877,

18200,

14979,n°

164930,0
1493~ ,n
16740,8
15640 11

15527,0

14930, n

14911,0n
14997 ,n
14870 ,n
164095n,n
LLYUNT
15170,
16231N7,1)
154A0,1)
16880, %
16870 ,1)
14940,n
1494n,n
16230, €
14878, 1)
185CAN, S
18R10, 5
15361, S

1495n,n

158640, 10
16817 ,1

165227,4

1801 ,1)

15759, S
15846 ,11

JRE2M,1)

15940,

15087,
15170
1831N0,1)
168487,1}
150897,
15937,!)

16057, 1)

18747 ,U
16030, 1
16797,U
18047 ,1)
153774

16370,0

FRCFS

15660,
16229, U

15760,U

165637 ,13

15947,

TSPR™N Y
1577%,U
15217 ,U
154R8%,U
16910 ,11

18300, U

15347 ,1)
1RM4N 1)
15170,S
1508%,S

V5T760,U

15667,V
15837%,4

15770,U

16530,

160RA,S
15177,8
15320,U
1548%,1)
18910,0

18%40,U0
18279,1
15390 ,U

1577,V

15670,U
15842,V

15780,

15090,U
15277, 4
15320, 1)
1540n,U
15910,0

15760, U

151705

157A%, U

15680,U
158687%,U

150Q0,0)
15272,0
15320,8
15497%,1
15927,¢

15130,4

1527C,U

15937,U

15690,U
1586n,U

15090,U
15270,U
16409,S
1549M,U1
15930,U

15939%,U

15700,U

1599",U
1527%,U
15410,U
15522,V
169402,V

15710,0

15090,5
152A%,U
15430,
15532,V

15797,V

15170,
1528°,§
15457,V
15847 ,4

Ca
i
w

—
(o))
0.



VARJABLFE TvPF

KFY
Kyp

LF

N

V!

LT
NLLLY:
NnDY
NPDY
NR?2
NE{ Fug
NF O
NFOT
NH
NHNS
NHP

NN
NMQONFES
NPRNTYF
NoanTy
NPRMT (O
NS
NST7F

NT

tyrernen
IVYFrrao
TurenER
INTFNFR
INTERER
INTFRFER
TyrERED
TMTERED
INTEATQ
INTFRED
INTERED
INTERER
INTREARFR
IVTERFOQ
INvERED
tuTEREQ
INTFAER
INTERFQ
INTFRER
INTEGED
T\NTFRED
INTERFD
INTERRR
INTERER

INYERER

DIMENSTON

WHERF/HNW UYSED

18o”r, S
15217,S
18377, S
16047, 1)
149130 ,0
16070 .0
18177,
15377, S
15420,S
15181,<
18000, ¢
1493n,n
14930 ,n
14930,n
14931 ,0
14930, 0
14060 N
1409210, D
14920 0
14947 ,D
14940, D
14920, 0
14970 ,0
14930,n

14970, D

15917,U0
1522%,1)

153201

18R, 1Y
18170,y
15322,1
15630,
18210,

16220 ,U

15937,V

15930, U

1678C,U

15761 ,1

FRCFS

15017,1
18231,y

15470,1)

15170,

1S1R%, U

15330,1)

15000, 1

18naN, 1Y

1592n,§
18240,

1556711

15190,

15360,

15130,1)

15946,U
162689,U

15750,U

15280,

15270,V

15940 ,U

16290,U

15310,U

15335,U

15312,U0

15427,U

15440 ,1j

69L°€-l



VARTABLF TYOF

Py

. PINT

™
QNt
o2
np
oP1
no
s

e

QINT

SINT
TAPFS

THETA

X1
X?

YKP

REAL &R

REAL %R
QFAL %R

QFAL &R

OrAL*R
REAL#R
OEA| #Q
RFEAL%Q
REAL2Q
REAL®Q
REALSR
PEAL%R

RPEAL ¥

REAL %9

peAL R
QFAL*A
REAL =R

REAL &R

REAL*R
REALSR

REAL %8

INTTIAL
VAL JE NIMENSTNN

T4

179n
1nan
1020
1020

1020

74

764

76

WHFRF/HAW 1ISFD

Y4890,n
15687~y

15027,
154an,§
14080,
1568°,S
15211, S
14Q17,D
12091n,0
1401n,n
14910 ,N
lGQ]A.Q
14940, D
14017, N
1494A,0

14R8ar,0
1558~ ,1)

1540m, ¢
15810,

14897, N
15870, S
14970,D

1489p,Nn
16480, 41

15457, %
154R0, S

15307, ¢

1508”,S
1574~ ,1

JR8T7N 1)
15627,S
1561",S

18687 ,U
18R27, S

15R9%,S

152R0,8
18777 ,U

16810,¢
1581n,u

16087, S

15847,S

15177,S
15467 ,U

168620, 10
168820,U

VR457 ,U

FRCFS

15007,

156, U
1867~ .S
16441, S

1640%,§
JERAN, S

15911,S

18997 ,U
1650%,¢
15827, 4
15rar, 4

1550%,S

16279, 1)
18489,

168530,
15530,1

15467,

18170 ,S

15760 ,11
18611,
16640,1)

15600,y
15847, <

18017,

15179,S

15627,S

16170,S

165627,S

1522Nn,9
154" ,U

18547 ,1)
J 5847,

16529,1

15230, S

15770,
15680,U

15650,S
158700, S
1585n,S

15940,1)

18240,S
18647,V
15260,S

15720,V

15270,U
1549C,U

15530, U

15232,U

15780 ,U
15690 ,U

156Sn,U
157N, 0
15862495

15264%,0
15650,
15250,U

15719,U

15280,
1540%,U

15547 ,U

15270,V

15760,S

156A0,S
15710, S
15910,U

15270, 1)

15669,V

15270,U

15780,

1531n,U

1531¢,U

15837,V

154667,U
15710,V

15310,V

156704,V

15317,V

1585%,U

153720,U

15480,U

158640,U

15670,5S
15790,S

15497, U
15779, S
15540,V

158603U

15340,S

15528,U

15670,V
15870,S

15530,V

1575C,S

157RC,Y

15347,V

oLLe-C



VARTARLF TVYDPE

rONeY
NFLTE
nr?
FORCE
HARIN

1

1NrNE
INFLF
1F0

L

Ky

1K
MATMUT
L\
NFLN]F
NFLEMS
MEN
NTQT
NH
NHNS
NN
MNODFR
LLLL
NNNRES

vor

REAL %8
REAL%R
RFEAL &g
OFAL %9
REAL %A

TNTFERFR

INTERFR
INTERFDR
INTEGER
INTcnen
[MTeERER
INTEGER
INTFRFEQ
INTEGER
INTERFR
TNTEGER
jNTEgeR
INTEGER
INTERFR
INTERED
INTERED
JNTEGED
INTERER
INTEGEQ

INTERFR

NIMFENSTNN

QR3N, N
ARen,D
9RaN,N

2740 CELY, N,
0770,n

na2n, <
1217, U

0R4N, N
Qgan,n
1713an,S
oTTIN, 1)
°7TN, 1§
2n4 9R?A,N
aqan,I)
Qazn~, N
aazn . n
LEETL

7A30,D

9A3A,N.

-aq3r N
QR3N,D
oqar . n
apan,n

1rran, g
ap2Aa . N

a93n, S
17717, 1

WHERE/HAW USED

1n0an, 4y

10010,

9933,4

10140,
096N ,0
10100 ,4

1r137%,0

a93n,y

10100,y

9922,4

10017,

inr100,sS
1rnen, Y

0a4P 1)
INP67, 4

HAURNON

1010 ,13 19610,

9991%,S 1°00Nh,y  10230,U

171895, p

TANDA LU 10200,

9941, p 999N,y 10197,U

1MIRY%, 1 10117, U 10120,0

904, 1) 0940 ,1) 9940, 1)
17947, 19187,U 10160, U

1003),U

1rnan, s
10761

19120,5

17010,4
13067,V

10130,U

17910,0
1720945

101945,8

1en1n,U
1021n,U

1

o
N

O J

L ]
-
-

1L1°g-p

10M1°0,U



HOURON

INITTAL
VARTARL F TyoOF VALE NIMENSTNN WHFRF /HNW USEN
NPRNTF  INTEGFR "~ Qaman,n
NORNTY INTERFR CETAN
NPONTA  [NTERCR | agas,n
NST7E INTERFR QR3N,N
p< PFAL&R 9R/sN, N
NLNAD REAL &8 . 274 aran,n Q96,2 17737, 1773N,Y 10140,S  1N21D,U
(AN RFAL %R T 1n?n aann . n Q04N 1) IN"RN ) 1N21N,S
oMY REAL*R ‘ 1nan NRNN, N Q4N I INNRL™,j) 1478A g
N2 QEAL %A 172 0RRNLD  QA4M,S  0Q4N,1)  QaKN,P  10040,S
no 2FAL &R 1r2n afnn, N 16791°,U  110A9,U
ony RFAL &R 1non QRN IONINLIL IRNAN,S
Q< PEAL®A afnr ,n
NS s RFAL®R 1£A1N, S 10R3N, Y
RSTRNT REAL %R QA2", N
SLVFFN RFAL*R a79n,n
SNLVEN PEALRR 1M18%,U
TIME REAL&Q DRAN, N 098N ,1)
TMFT REALRR OR&N, N
'ﬂrvﬁs PFAL%R 0ARN, D
™ RFAL *A . TORKN,D 998N, 1) 9agn, Uy
m RFE AL %R OREN,N 9o~ , U
vy REAL &R . GQAN, S 17NN,
XN RFEAL®S 66550 9ran,n

XP QFAL%] 6551 agsr, N Qagn,o

eLLe-p



HNYRNY

INTTT8L

VARTARLF TYDF VALJE NIMFENSINN WHFRE/HNW LISFD

CONST ACAL xQ . an?n,n

NEYTE RFEAL®Q angn, . n a1 50,1t QLN L1}

neyreo CIFYR T aren . N

nT?2 DFAL#Q 9nonr N a290,1 a3an, |

Fnpre REAL %R 2749 fanA N Q227,14 Q24" ,1)

HNLAY ) QEAL SR RQAN N

1 INTERER - QlRn, S Qran,i Q227,14
Q31n, 1 QA57,1) QARY,
Q8AR 1) Q82N , S Q83N |

Tnene TNTERER aran,n

1NELF TNTEGFD aran,.n

T1FLAG INTEGER o121, 8 QLAN 41 9597, S

TH NTrEnee RQAN 1) 9y 7, P 92R", 0

{PSTRY TAUTFERFER ANAN, D Q21F 411 QA2M,1)

™p 1yTERER ansn,n

Kv INTERFR RQAN I Q43N ,P  QT4N,P

LK TMTRGER 204 anyn,n

MATMIT INTECFR QY TN, Q28r,1)

M INTERFR ensn,n Q19n 1y 911,11

NCLNSF INTERER A anyn,p

NFELEMS INTEGFR L on2a,n

MFQ TnTEREQ ‘ an?n,n Q1 7r,p ay1an,1

NFOT INTERED anan,n Q240 ,1) G307, 1)

N4 TNYEGFR apan~,n

NHNS fNTERER anrr~.n

NN TNTFGFR .an?n,n 93an, ) 0527,

NNNNES INTEGER ' 902A,Nn

Q35N 1)

Q247,U

0220,y
9187,y
9637,

945n,p

L RN 1)

N2RN,P

Q6RN 1}

9387,u

9247,U

Qzaen,l
93187,§
Q&4 , 1)

9640,1

9230,U

LT LINT

9332,U

9240,
9393,U
9650,V

94673,V

650, U

9350,U

9100, S
9479,5
9670, S

9630,0

9367,U

9317,V
948", U
3680,U

9360,V

933n,U
9499%,U

9330,
950773 ,U

gLLe-r



VAPTARLF

NNDT

MANDFS

NPt

NPRNTT
NORNMT

NORNTE
NDONT(
NDRMTH
NOESTR
NSI7E

LAY

a1 NnaAn

M. NAM

NNy
nN?

Qr

ney

ne
pPrgTRY
RSTANT
SIVEEQ
SOLVEQ
™T2

T IuE

TMITTAL
YYPE VAL §F

TNTFAFR

INTFGFR

INTERFO

INTFGFER
INTERER
INTECER
TNTERER
ITNTFGFO
TNTERFER
INTEGFR -
REAL2R
PEAL 9
pcaL#n
PrAL®R
RFEAL®R
REAL®R
DFEAL %A
REAL*R
QEALRA
DEAL#A
QFALER
REALSA
PEAL®R
RFAL*§

PFAL®R

NPTMFNSTON

r YA
1021
112
1720
172n
1729

1r9n

a3an,
9491,y

onyn,n
310r,S
LEELINT]
DAEN 1)
ANAN,D
oran, D
an3n,n
anaAn,n
anPN, D
°421,U
an2n,n
acan,n
R901,0
anTA,n
faor,n
paan,.n
[N, n
aaan,n

RQAN, N

T Ronn,n

angnLN
anyn,n
agrr N
9451, 11
0290, S

angA,n

WHFRE/HNW USED

Qa0 1
9TCN,,U

9200 ,1
Q3G 1)

Q74 o

938n,U

924ar,p
917~,0
aznr,s
Q1 70,P
QLHKT,S
0357,y

Q247,10

93137,

214N,

MOUANY
94Ln, ) Qern, Y
QTN L1 7",
QIr N} Q2T0,U
QA365Y, 1} 9167,V
9627, U QLTO LU
933n, 92137,
Qa2721,S 0223,1
929%,1) Q281,90
9203, 1) 965" 4V
QAIKN, IS
a159,u

983N, S
971~ ,u

92203,U
936" ,U

93890,S
Q97240,S

Q490,S

9542,V

92642,V
9482,9

935, U
92424,V

9550, U

9551,0

9240,
9490,U

9490,V

9330,S

9550 ,U

924040
9540,S

9507,S

9357, S

9560,V

9257,
9650,U

9650,V

950N, S

96RN, S

9310,S
965N ,U

[«
1

w

—

~
>



VARTARLF Tyor

TIMEP
TMET
TNY T YE
N

-1

T2
TaMy
XKEEP
X\

X0

PEAL %A
REAL SR
REAL®Q
PEAL®R
QF AL %R
RECAL ¥R
PEAL®A
PEAL®RA
REAL*8R

REAL 8

NIMFNSTNN

6559

6587

WHERF JHNW

anaAn . D
angn . n
ansn,n
arsr,n
ansn,n
Q140,88
160, S
2560, S
RAAN,D

anen,n

USED

Q14" ,1)
a1an, |y
Q3sr,u
G24n, 11
asgn, i)
9170,

928n0,P

HOLANY

9167,1)

a1 &RN, 1)

9R0", S
9471,

aant, 1)

9160,U

QAT1”,Y4
Q6arn .y

98657 ,U

9150,U

9540,

9560,

9550,

9703,U

Q690,U

971N, S

97C0,S

STNOLU

G/L €~



9

7

P,

VARTABLF TYpPE

Al

AL PHK
ALS
ALST]
ALT
ALYTY
AR
FHALS
CHEFK
rOMFENT
CONST
CONSTF
LONSTYN
CNNSTY
CNSINF
cns4
CYCLF
NATA
nens
NELTE
NELTED
nELYF
nniay F
NSIN

Nnry

NTH1

QFAL %]
PFEAL %A
REAL®R
REAL®R
PEAL %R
REAL %A
OEAl #R
REALR
REAL®A
QFAL %]
REAL %8
PEAL®R
RFAL %]
nEAL®9
RPEAL%A
RE 6L *g
REAL#8
RFEAL %8
RFEAL %R
PFAL#R
PEAL*]
pEAL®Q
RFAL %8
REAL*A

QEAL*Q

REAL®R

TNTTTAL

VAL JE

CINSTANT

Rt

S

DIMENSTINN

167

an

5N

50

29

51

50

sn,5,7

WHFRF/HNW UISFD

e3r,n
437n,0
1887,0
787H'S

1nan,n

287¢0,S.

1n3n,n
93r,n
0an,n
113r,n
RN, n
1167, N
T1AM,N
1160.n
103r,n
1730, Nn
11rA,0
1‘70,5
2791 ,1)
10100
1n70,0
1371, %
1167,N
LYY

pren,n
4SRN, 1)

113, N

2650,5S

28400,
2890,y

2ann, S

200n,11

2727,S

2657,8

J160,9

1270 ,8
1177 S
1170,S
2T20,S

2797,S

3?2RN,S

TTR .

231°,5%
4780,%

4470,S

TNPLIY

2867,

264",§

29R7,S

2747, S

266",

127°,8

ATLY, U
3717,V
V207 ,4

2767, S

437,01

2010, 1)

2657, S
GTRN I

GLH8N, )

4317,S

3N20,0

3720,V

A"3n,uy

631N, S

128n,4

2981,S

R INT)

274%4S

2517 ,U

3637,0

1669, S
XY N T

4499,

449N,S

1490,S 151%,0

4nth, Uy 406J,V 47204 U

4722,U

4Q1n,1) 498D,U

3789,S 3783,V 3990, S 390N,4

3920,S

9L e-r

4450,



VARTARLE

Fl
c?
FNUT
N2

EnecE

FRCES
F1

2

GENM

HAQYM

TYDFE

REAL®S
DEAL#]
nEAL ¢Q
REAL *Q
PEAL%A
peEAL®Q

SEAL®A

arAL%q
0F AL %8
REAL &R
DFEAI AR
oA %R
REAL®R
eCAL %A
REAL®S

INTERER

INTTIAL
VALUJF DIMENSTNN

1217
5%

59

[{a]

274

S0

WHFRF/HNW

98N, N
1140,

1020,

1"\?'\'”
1A20,N
1n30.n

asn . n
1R&0, S
% TN

4277 ,\
L160,S
4160, S
41675
4140, S
1720,
1r20,0
1rH0,0

17587, €
1667, %
170, S
218,41
2667, U
2690,
2727,U
?77ﬁ,”
1P7ﬁ'”
Ar3N, 1Y
2147, <
3900, §
3300,
lﬁﬁ”'u
ATTOL N
2par .y
6497, ¢
4770 ,1
LORN, S
scnn, S

1SFEN

2017,
1157,¢%
2AR7,S
2690,5
2h00,8
26A%,S

angr .
410°,9
4017,

4y 9n,y
420N 1}
421" ,1)
L7220,

2690, <

1347,U
1660,1
1R17,1
?58~,8%
2667,S
2697,S
2727,
?277°,S
32,1
aAtar,y
3171,
220, 1)
240", 1)
2617, S
AT, 1)
3Q0P L1
446Q7 1§
LTI N
L9aQ7% 1}

INPUT

1607,S
IN?2%,4
302N,
1029,
N2, Y

anon,
4777, 8

6227 ,1)
4230, 14
4229, 1)
L2237,y

02,4

11247, S
VAEY,S
1817, 8
2669 ,1)
2607,
2607%,1)
27867,
277,10
3199,1)
ar3, ¢
1177,
12127, 9
3617, 1)
3827, 1)
37RN, 1)
2077,
440n,5
4797, U
499N o 1}

14611,8

an,s
671\,@

13772,4
107,10
1927, S
250 1)
26RN, €
2600, ¢
2747 ,1
77""$
28,0
3~
2107 ,1)
3327%,0
Ae2r,u
166 ,1)
3741,1)
1011,y
4AAN, €
4787,
4nan,y

164N0,S

3580, S
422N0,8

137n,8
1490, 9
194",y
?AS™, U
26AN, 1
27°0,8
2740 ,1)
2730,8
3V,
atAar, S
a1ar,S
3320,S8
242N ,1)
AHKST, U
1830, S
392r, U
4har, )
49N", 1
4990,U0

166748

35923,S
473%, U

1599 ,1)
1737,y
194N0,1)
2657, S
26R7, S
2712,V
2747,U
2790, 1
125,
anan, ()
1270, 1
332°,4
1410,
2667,1)
IRLD L)
4310,
470U
4970, S
S000,U

1690,S

2740,S
470,y

]%59n,S
1727,8
2020,
2657,1
26R0,1
27720,V
2747, U
278,11}
2N, U
2rGQn,S
3270,S
33217,S
3630, 11
3730, S
3RLN, )
431n,S
473n,S
4917,U
502N, S

1730,S

3749%,U
47004V

3R67, S
L47n0,U

3849,y
476%,9S

1617,U
V74N Y
2037,
2457,
26PN, S
2727 ,0
274%,U
2800,y
30371
313,41
3280 ,1
3370,5§
3437 ,U
74N, §
3857 ,11
4217,y
4747,
4917,S
500, 1)

1617,S
1740, S
2740,
2hAG Y
2600,U
2720 ,48
2740, U
28nr,
1NN,
2127, S
2291,8
ARAC, U
2670,
374", S
287N, S
431N, S
L4640, 4
&a20,4
5370,S

1AL7 1
1877,
2167,
26AH7 S
2A707, S
2727\
2T80 L
aAN2%,L
3”3, L
3147,
12a0 414
2390, 1
3637, L
ENA IS
3R0Q9,1
L4074t
675N, ¢
4927,
SNG4t

Ll



vaataaLr

18

roy

Inrar
INELF

TFLM

TELMY
TELM?
TFLAS

TH

[HARM

TH1

11

IN
INCRST
{nNNE
NPT
™
IN?
1PRINT
10

FON

0N

INITTAL

Tyer VALYE DIMENSINN

INTEGER

INTFRER

INTERER
INMTELFR

INTERER

TNYERER
INTERED
YNTFRGER

INTESER.

INTFRFR 5

ITMTEGFR
INTERER
INTEGFR
turenre
INTEGER
INTEGFR
{NTERED
JNTERTR
INTFERFR
INTERER
IMTEGFR

INTFGER

1040, §
4720,

239,14
4931, §

aen,p
nanr . n
2RR4, <
217~ ¢
4880,
2R7M,S
2a70,5
23720,8
227Nn,8%
annn g
Garn

4anr,

176N, N
LHEN,

4ngn, g
?2870,S
4170, 5
13727, <
2210, S
arr,n
230N, ¢
23°0,S
1660 ,N
2560,¢
276n,5

?"Rﬂ'q

WHFRFE/ZHNW USFN

308%,S
4R2%,S

3297,§
4367 ,1)

2qqr 8
299r,§
200" 1)
432,00
458" ,1)
2RR" 1)

2ARM LU

2337,

2787 ,1
4n0r )
4557 %
404 ,§

1370,
LEARN Y

418°,U
2587,1)
4yan,1
178%,11

23720,

2210,4

2317,

1327,S
28aQr 1y
2?2A% )

2407 ,4

TNOYT

1967,
4R, 1)

3217, 0
4940, <

42PN, 1
297%U
4617, 5
4930 ,1)
4621,8
2017,y
2367,1)
26417,%

Gren,U
455A7,1)

174°,U4
4903,V

728ad,1}
422%,U
3357,1)

765%,%

2447,
237°,u
178%,1)

2807,

47N ,1)
“ran 1y

A21n,S

2937,
4557,11
4910,
463N, |
46427,
2387 ,1)
267%,u

4427,V
45R%,Y)

107,

2R67,S

2667 418

265%,1)

2647,S

25Qn,1

4180,U

43an,s

2947,1
4660,
4940,1)

6430,U
236", U
160,

4?2,
4580,

2597,0

4160,S

265%,U

2590,U

4320,P

4450 ,1)

2957 ,u

4G4RS

4947,

447,10
24407, S
IN6~, Y

442%,5
4643,5

206%,U

L4170,0U

?510,U

26N00,U

439H,U

446n,U

230N, U
4510,P

24T, 1)

3300, U

4440, S
4650,U

3167,V

416N,S

2601,V

4510,P

458%,U

337%,8
4520,P

2487 ,U

331nN0,S
44650,
L4667 ,U

31898,V

4173,V

2600,U

452N,P

4580, U

3319,V
4570, S

2695,

3310,0
44657 ,1)
4930,41

3270,S

L 4250,U

26%9,4

e-r

—
~J4
%657,

493N ,1)

3310,S
4582,

2600,4
331A,8

6460,
4930,5S

4160,U



‘ INTTTAL
VARTARLF TYPFE VALYJF NIMENSTIN WHFRE/HNW [(ISED
TegTRT IMTEGER ‘ 1n7A,N 132n,S
TTAM INTEAFR ' 110, 4910,1
1TrNE INTEQRED tren,n 308N,
ITFLF INTEGER 17an, N 1337,4
ITe INTERFO 1777,0 3287,
1x INTEence ?2RAN, C 2500 1
J TNTESED 1270, 127,58
VAARN, S 1490,
K7, 3RBN,Y
LI T T I
wITr LY QTTN 1)
JH TMTEGFR arse < 2167, 1)
JUNK INTFEGER A 2" 1130, 0 1457, 8
K INTFAED ' 1480,¢  158%,S
4697, 4TI,
KFY INTERFP Q10,00 1180,y
KFyRs INTERFR 138n,9 130n,9
KK INTEQFR 4ARN, S 4AAN,I)
wyo INTEGER LART S 46TOLIL
LK TNYEGFR 246 Q7N, N 2187,8
Lt INTFRREQ _ 1r50,0
N TNTEGER agh,n 2280,9
NCARNS TNTREGFR 3y23n,¢ 1740 ,1)
NCF ITNTERFER 1aan, § 4rTN L)
NEFL INTERFR 411N0,S 4120,4
NCLESY INTERFD 1ran,n 133r,<
NCLOSF INTERER a7r N 1372,5S
) INTEGER ' 1117, 1237,

28R, ) 2447 ,H

TnoyT

1377,
SY2°%,4
L4rT 1)
170%,1)
.:1:"'”
280%,y
129%,1)
177°,8
LYY LT
AQ7 Y, 1)
LTR™ L)
2127 ,4

1537,S

1A23,S
4701y

3717,

18°72,U

2197%,S

2327,0

1728%,U

170%,u
1797,

1277,
287%,U

13491,y

450N 41}
222°,Y
181N,y
25970 ,1)
1287,5
1727,4
176'\'5
3910,
4TB I8
216N0,U

1741%,S

1637,V
4T0% 41

2960 ,1)

1549,

22079%,9

2420495

145%,8

1320,4
39R", 1)

1780,V

4347%,U

260N, 1}
149P,1)
2655 .U
3777,U
3929,
3187, U
270,98

1725,S
&TNN,LY

1759,S

32R0,S

2460,0

146",U

1340,0
4112,U

2060,U

2603,H
140%,S
266N0,S

3777,0
4311,

493,10

418%,S

32330,9S

1483,V

1372,4
416044

3227,y

2603,V
1517,U
2667,V

378", U
4310, S

4191,V

3340, S

179N,U
442N,V

2600 ,U
151%,S
266%,S

3780,
449,y

4201 ,U

4911,U

2110,V

2607,V
1600,
36727, S

3880,9
4490,S

4210,

2160,U

1617,
3632,0
3890,
760, S

4220,1)

22504V

6L1°€-C



INOyT

INTTTAL
WVARTARLF TYPF  VALUF NIMENSINN  WHERF/HNW HSED
MDIRCT INTEGFR 2160,¢ 2170, 2187,
NELFMS TyNTERED 98N, N 1830 ,§ 158%,1 1677, 1627, 1623,U0  16R7,U  171%,U 1790, 1942,y
1097, 15 2R47 .1 PAPT,U 2AAN, 1] 2680,U 2607, 2697,U 2690,U  27n7,4 2710,
2780, 291°,!)  293%,4  ANA%,1) 230, A, IKIN,U 3TSR,U 3879,U 4347,V
LLT0, 4487 ,1) 4ET™ N 475%,U 4910, 4940, 1)
NFO TNTEGER SaN,N  1977,S 198,11 228%,1) 2427,U 253,10 41RY,I)  4659%,U
AMUA TNTESFR AN, 19RM,S BRI A2RA, 3N, 320, 2A32N,1) 33T7A,U 0 3570,1 3509,y
370,01 3TEN, I 3RIN, Y RGN,y R[EDL,U G1RD,U 465,00 4T3V,U 4740, 4890,
4QAaf |} SANP LY &AFA L &ADA LY
NH INTFRER ' 0RA, N 13T, 1377, 1749,5 1740, 18ND,U 1RPN, U 1981, 200N ,U  22Tn,U
: . P10 268N, INEN, U 327),S 3279,U 33,0 3310,U 362%,U 376N, U 38RI,Y
GRPALL 4427 ,I)  46AT,11 ARSN LI 4RGN 4TEN .M 49PN, U 490N, U 4930,U 4940,
NHNS INTERER aan N r2aTaTalR
NHPe TNTERPR 1760,D 183N, 1707, 3n4N,Y
NLTERM  [uTERFR 367, U
NN TNTFEGRFR AN, N 3120, 2127,0 316474 3179,0 3140,U
NNANES TNTEGFR SANLN  19A0,S  J9TY, 4 2377, 2510,U  2570,U  277O,U  2TT0OU 425,20  4A80,U
NANRES TNTERER Q77, N 211N, R 2127, 2130,15  214°%,U  21097,U 2200,y  32R0,S  328N,U 3330,y
T340, 1 401N0,i) 49V, .
NNTT TNTEGFR 1NN, D 128N0,S
Mo INTFRFR 2167,9 2170,0 21R%, 4
MORNIT INTFRFO 170,00 1323%,8 17R%,1)
MPRAMMS  [MTFAFR 1230,€ 180% 4 318°,1
NDRNT TNTERFD 1877,0 1313r,% VTR, 1)
\NPONTE INTERED 09, n 1337,8 1707 ,1) 6719, 6690.0
MDONTH INTERFR 1ron,n 123r,9 179~,1 4567 ,1)
NDPRNT] TuTERFER 99n,n 1230,9 179,14} AR TY]] 6130, 4237°,U
NPRNTQ fNTERFQ aan,n 132,94 1782, 1

NS INTEGFR 1717, D 1790, 1} 26720, 2667, 4290, 4310,U 43873 ,U 4490,V

ogL e-r



VARTARLF TypPE

NSI7F

NSTRSS

T

NTE
MTHFTA
oy

pHO

oy

oo yT
LY
nnct
nneo
onr3
nLNAp

NN

nNy

N2

ney
ns
s}
n?

N

TNTEGFR

TNTEGER

INTREAED

INTERFR
furTEnFER
RPEAL%XR
REALER
REAL %]
PEAL®R
REAL &P
RFEAL%R
QeALRQ
QEALAR
PFEAL =R

PEAL #R
REAL %R

RFAL®S
PEAL®S
PEAL%R
PEAL®R
REAL 28
REAL A

REAL*S

TNTYTAL
VALYF

NIMENSTINON

5n

50

kel 3

1720

1020
17212

1°20

WHFPE/HNW 1JSEN

egn,n
170,10

10&”,0
11170 ,0
190,01
arac i
srtn, U
1260, ¢
1nan,n
10N, n
102n,n
1917, <
1050,D
L ala Tal »
497N,
4940, S
LORN, §

aan,n

a5, n
2320,

950, N
3327, S

957,n
osn. N
95N, N
CLY N

2370, S

2310,

2300, S

1710,
1o,

133r,8
123%,S
1732,
130,y
32900,u
1247,S
2720 ,S
2720 ,S

192%,1)

4990,
4990 ,1)

496n ,U

2737, S
22R/0, 1)

2Car, S
LET TN

4990,y
3427 1)

32on,S

2210 ,1y
2340,

?35%,U

INPyT

172,14

17,4
146~ 18
1747,
14,0
6Q~ ¢
1364%,1)
2740, S

2747, S

497", 1)

723217,8
2209, 11

2477, S
AGN", S

437,10

3417, 1

2447, S
2447, S

244%,%

1090,S

1657 ,1
170%,U
37N,
4029 1)
1210,y
2700,

3030,U

4009,y

234",S
4990 14

2681,
4000 )

343N0,S

3420,8

2670 ,1
26487,

2400 ,1)

2000, 0

1430,
2680,
3280,y

1817%,U

2800,V

250,98
597N0,U

2499,S

3437, U

000, U

3080,y

1532,
2ARD,U
2300,4

1937,4

N3N, U

2360, S

2500,8

4990,

30690,U

1590,U
2720,U
32329%,U

2590,U

260N,0

S03d,0

3129,V

1617,U
2747 ,0
490N ,U

2590,0

2607,U

313N,U 314%,U

1660,U  1660,U
2770,0  3In8,n
4910,U  4930,0

2549C,1 259%,U

2600,V 260N ,14

LgLe-r



VARTARLE

ne

Q

RAD
PFSTR™
RCYQANT
°7

PN
SINE
STNM
SIVFEQ
T
TAPFS
TENRCE

™™

THCNE
THCNN
rHeQ
THETA
THETAC
THY
rym
TrmE

Y IMFD
TUET
TNYTYME

Tpoyr

TYpF

T RFAL®R

RFALER
PFAL%R
PEAL®R
PEAL %A
DFAL %R
RFAL*R
RTAL &R
PRALSA
DF AL %8
RFAL*R
NEAL*R
RFAL %R

REAL&R

PEAL#
PEAL®Y
PEAL %R
REAL®R
REALER
CEAL®A
PEAL%RA
REAL%Q
RFEAL %R
REAL #A
PEAL®R

GFAL®Q

NIMFENSTNN

St
s1

S2

81

6N95492

2370, ¢
13,0
1097, ¢

17~ N

1)10,D
4527,1)

lf’ﬂ".f)
4500,y

4510,4
1nan_n
lﬁp'\.n
1hRen,n
vh;ﬁ,“
1127, N
3aar,
1017,n
17278, Nn

Tmn,n

yMIn,n

agnn, g

WHYERFE /HNW 1JSEN

2260,
2727,8

1947 ,U

2770,S
2720,S

280%, S

2697,

3370, S
4777,S

1340,0

46427 ,5
4NSE L1}
40110 ,1)

17287, S

INPYT

244" ,S

274%,5S

2742,S

333, U

1631, S
4772,0

1817,S

446K ,0

SN1N, 1)

265{1%,1)

17823,

4NE, S

2800 ,U

an2n,u

2747, S

IELN, S 3770,S 3777,0 389N, S
4031,1)

10460,4 1940,8

ARNMN,L U 4ND0,U

WN6N, I} 5710 ,S 5027,V

3890,V

2910,.S

28Le-r

446M,5S



VARTARILE YYOF

TRI4NP

A

AR

XXFEP

N

xp

REAL*S
RFEAL®S
pEAL %R
REAL R
DTAL®q
QF Al *q

RFAL®R

INTTIAL
VALJE DIMENSTION

655"
6559

51

WHEQE/HNY |YSEN

321¢,U
1nM1r,n
178, 0
1289,
9un,n
1nar,n

1120,0

37287,$
3280,9
2609,1)
1157,
314°,$

277%,8

INPUIT

370n,S
AT79%, 1)
3417,9
11687,S

219%,4

2960,S 491D,y
IACN,S 3960,
3430,1)

2130,S 3170,V

3981,S

3990,U

40N0,S

4910,U

egL-e-r



MATN

INITIAL

VARTARLE TYPF VAL'JF NIMENSTON WHF2F/HNW USEDN

CARD PFAL#R : 20 127, 0 147,S AN, S 217,10

r.ONST REAL®P &0,N

CYCLF . RFALx%] 10,0

NFLYTF PFAL %R TALD 580, 58%,4 530,y

NFLTFo RE AL %R 17,0

nro QEAL%8 . SPeN

cNorE DFAL &8 7049 ar,n

HARM OFAL®] an,n

f INTERER A 82740

ingne INTERER &n,n

TNELFE INTERFR AP LD

THAOM TNTERER 5 ar,n

TnDyT INTERER 47N, 670,0

10R INT INTERFR RO LN

TRETRY INTERER 177,0 BON, U 61%,4

1TAM TNTERFQ 110,0 6275 63%,4 £50,U

TTD INTERER 1°0,n 550, S SR, 1) A1,V

KKP?2 INTERFR 5AN, S §0r,Yy A2, 650,10

LARGF TNTEGFER 40", S 6ar,o TN,

tL TNTERER RNy D 607,S £11,S 62%,1)

MDRINT TUTEGER 29r, < 40,1 273, S 281,$

N TNTECER &n,n

NCARD INTERER 270, S 310 ,U A2%, 9% 227,11

NCASFE DA ARSI | 2720, S 2R",S PRA, 1) 357,V
T8, 1)

NCASES INTEGFER 2nn, % LT aan 0 15,4

NP INTEGFR 120,N 20N, S 26", 1} 22,4

33n,U

737, U

h9P, P

63N,V

T20,U

387, U

410,U

e?20,S

44",V

332,18

123,S

42%,U

39C,U

T40,P

430,0

403 .U

460,59

4RC, S

8L €E-C

AQ"\'U



MATN

INTYTAL

VARTAALE Tvyor VALIE NIMENSTNN WHERE /HNW USED
NFLFMS - INTFGER KH,N

NFO INTERFR en,.n

NENT INTEARFD N, N 510,4
NH INTerFD 0,0

NHNS INTEGER £r,n

NHD INTERFR - Qn,n

MLTFRW INTERFR T40, 0

NN INTERER &N

NNMANES INTERED LT

NATTY TyreEnrEnR AN, N S9r, S
NPRNTT INTERER 1rn,n

NDRNT INTERED 17%,n

NPRNTFE INTEGFR AN,N

NPRNT TNTREGERQ [

Nonﬁrn TNTYERED &, N

NS INTERER 120,n 2C0,S
NST7F INTECER &, N

NTY INTERFR 120,n

po Ny OFAL#R RA,N

oN OFAL %8 12N AR, N 147,5
ov1 REAL&R 17970 ar,p

N2 PFAL*A 1720 3r N

op aEAL¥e 1*21 © ar,n

on) REAL®R 1non ar,n 52,5
ns REAL #Q an,n

RESTART OFAL*S 1n",N

8L €E-l



VARTARLE TYDPE

SETUP
TAPES
TEST
TIuc
TIMED
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KK 1 TNTFRAFR . T764P,U TR20,1)

KK2 TNTERER 7757, 7800,V

¥K3 TNTERER T760,8  TRAD,Y

KK& IMTERED . 7777, TR20,Y

KK & fyTcnee 77R1,S  TANM,U

KK TyTERCR 779n,8  TRAN Y

KML IMTFGFR . RLAN,S  RLTO,Y

Koy, INTFRFR 2451, % 1% LT

L CINTEGER R237, S RIARN LI
PATN, I AAYIN,N

L INTEGER _ R3AN, S R4EN,1)

L] TNreGgeER - 7017, S TOT ot}
R247%, A24M 1
R2PN,I1 RY00 1)
AR7T~ L1 QRTN 1)
RQ1IAL1 ROYIN,Y

N INTERED 7h77,0

NELFEMS  TNTERER n70,n

NFO TNTERFR 7IMTAN T730,U

NEQT INTERER Ir7R,N

NH TNrERER 7ATC,D T590,0
R721,1) AT4N )

NN§§ TNTFGER TN, N

MHD INTERER ‘ 7160,0

NL TRMS ITNTERED T127,0

Ny INTERED 77,0

NNANES TNTERREQ 0T, 0

NDOANTE  [NTERED 7rAr N

NPANTH INTEGFD 712n,n

OPPTVF

TR2AA 'U
7821,1)
7RI, U
TRAN LU
TR4LN )
7827 ,4
L7, U
RLTY LU

asan,
3617, U

YN LT

7090, 11
240,
P07 14
AR, Y
AG1", U

To17,U

7850,U
760,
7R3N,
TRSEN )
7RI,

TRGN 41

8587 ,U
8A27%,U

a213,U
R26N,1)
R2af,U
RARN 4

AMIC,U

7860,U

TRS", U

7870 ,U

T85n,U

A580,U
RA21,U

8210,
A260,4
R3INN LU
8887,V

BRI, U

786%,U

T870,U

8592,U
8630,U

A210,0
R2A74U
BRKAT,U
RAGN,U

R332,U

8590,U
R6H2I,U

8220,V
R26N,U
_R71"7,U
RRG9AO,L,U

8377,V

8607 ,U
8537 ,U

R?230,U
R271,U
R8HN,U
889N,U

A39N,U

B6CN,

8239,V

8?289,U
BRRAN 1)
8990,U

R43N,U

g6l e-r

86NN, Y

8237 ,1)
CEL. LINT)

S B8A%,Y

8907%.U

868,



INTTTAL
VARTABLE TYDF  VALIE DIMFNSTON

NPRNTE INTFERER

NPPNTH  INTERER

MST7F INTEGFR

PH REAL %R an
PHP PFAL 8 50
N REAL*R . 1r2n
OnY REAL®A 125
nN? PEAL &9 1r2n
np YR T) 1729
npo PEAL*R A,8

OPRIME  OFAL®S

ne1 REAL®S 1A
ns I IYEY]
R PrALER 51
RL PEALEA
oM RFAL*R
n~ RFAL®S ) 31
agL RFAL®A
R7 PFEAL*S
P21 QRFAL&R
SCCS PrAL®A 625
SINF oF A=A 1
STNY PEAL®R 5n

WHERF /HOW UYSED

T7r80,N
TOTIC LN
7'\7”'11
71467,N
T4 ,D
7277,N
7R27, 1)
TRAEN LI
T20N .0
"?f\ﬂ'D
7270 ,N
7127,0
9", S
ap1n, s
npan, s
10%5.0
7?'1"'0
TorA,N
7140,0
RATN, S
TAAN, S
7220,

797, S
TARNT

7270,0

7371, S
77 %, U

7100,0
T13n,Nn

7147,

787", U
7827,y
TRAC LU

7907,
R2Ar,1)
RAE1M LU
paqn,t

RAAKN U
T3AT7h, 0
7210 ,4

A21%, 4
RH27 1)

TaN™,1)

RS540 .1

QPRIMF

7811,”
78G" 1
787,01

921",S
R20,¢
RH2N, S
anon, S

RRT7N 41
790", 1)
TN, 0

R237,1)
2K”3IN, U

7417,

TRI)N,Y
7061 ,1
TRT~,U

R217,U
[222,U
252N, U
ARGN 1y

LY LT
267N, 1
7367,

R25n0,U

Ta20,8

800,Y
TR&N, )
7870,U

8237,8
REARY, S
A630,5
/a0"),S

RBo",U

7360,V

R7260,U

T4RO U

7820,0
7R84

R232, 18
BSA™, U
863%,U
8907,y

B9ND,U

82R%,U

T49G,1

T820,U 7820,U
7850,V T85%,Y

R240,S 8250,U
BS3N,S B590,U
A867,S LLT- W)
8910, S R919%,U

8919,U

830N,U A587%,u

7555,V 756040

7829,V
7850,4,4

B269,S
RAND, S
RATN,S

8593,V

TI570,U

7837,
7860,V

R2AK0,Y
2507, 4
RBTN,IY

R60DY,U

r

7587,U1

66L°€



INTTIAL
VARIABLFE TYOF VALJF NIMENSTINY
STPH  DEAL&R -
<120 REAL &R
NN RFAL %8
see " REALeR 175
Sere, REA] #®R 625
5SS PEAL®A _ 625
r  araLes 5
™ REAL &S 57,5,2
TUCny REAL %R
THER REAL#A
THT  oFAL*A
rrye REAL#R
Tug? REALSA
TOTIME  REAL*R
ra REAL %R
T QFAL*A
X% REAL*A
7 PFAL %] : 51

WYFRE/HAW HSFD

7240,
TEAN, S
7587, S
7091,n
T107,0
TION,D
AR
T170,D
718/, D
T7170,0
R7Qﬂ's
quﬁ'h
7197,
71ar,n
AL
TiOMA,0
7RI, S

7320,0

TabnN 1)
T647, 10
T6&20 1)
a197,1
RE27,U

AS4r 1)

R7QC 1)

RA2N, 1}

R79n,Y

“ATAN it

aTar,y
T627,1)

T227°,18

NopME

T46%,1 76480, 7490,U 7561,V

A127,4 RIGT 1

BT9” ,1) 8700,U

LL LY

BRT9",Y)

TE30, 1) THLC U 7650, TN,

7327,

75804,0

AR



VARTARIF TYOF

crt
cr2
CONSY
[
NARS
nrng
nm
nn?
NELTFP
neTN
nY?
FARCF
GCN
Gh1
G662
HAD M
HAYROY
HNIRON
1
1preng
INFLF
™
THaDM
INDPHT
1P IMNT

TRSTRY

REAL*A
PEAL %A
PEAL %9
REAL A
pEpL R
PEAL xR
REAL®N
OCAL®S]
PEAL 2R
PC A %0
RF AL %A
PrEAL %A
RFAL®S
pEAL %A
DEAL &R
Qr AL &R
RCA| #8
QEAL A
INTFGFR
INTEGER
TNTEGER
tnregen
TNTERER
TMTEAFER
INTFGFD

INTEGER

NIMENSTON

2940

<71ﬂ'ﬁ
S72R,N
LS AN
A120, S
6£330,1)
8120,1)
&72r, N
S720,0
S774,N
&N,
ST1IN,N
5607, 0
&71n,n
8717, D
§72~,n
5761,N
§a0n 14
SA7A, 1)
LT YN
s77A,n
5721,n
SRIM, G
8740,0
AOnn )
STSN, N

STTN,D

WHERF /HNY USFED

61R7,U

5977,

SRLN 1)

5R4M, 1

&RON 1)

SETLP

SQR%, |}

5a8n 4

AT,

580N,

6760,5

585N ,U

&3T0,U

&Q70,P

67253,S

SPAN, P

6267 ,1)

600N, U

6270,U

L0z €-0



VARIARL E YYPE

|4

Trav

1T

™

1

JH

Ky
LARGF
LF

LtL

N
NELAST
NFLEMS
NEQ
NFOT
NH
MHNS
MHO
NLTEQM
NN
NNANES
uarTY

NOK

INTEGFR

INTFRER

INTFRFP
INTFRED
INTERCO

TyveRee

TMTFEREP
INTRERER
TNTEREDR

INTERER

INTTIAL
VALJF

INTERER

INTERER
TNTERED
1NTERER
TNYERFR
IvTeaee
INTERFQ
INYEGFR
INTERER
INTECFR
TNTERFQ
INTEGER
TNTECER
INTERER

TuTERER

NTUMENSTNN

WHFRF /HNW 1)SFEN

5807, S

S6AM, )
6220,

5774,
£33N0, S
A137,5

59an,1)
K270,

anan g
507A, ¢
RR49,S
8667,
61210 ,1)
5757,n
5T10,N
5747 ,D
STIFyD
&717,0
717,00
5710,0
€71~ ,N
&760,0
KA 1)
K710, N
AR
£750,0

£15A,€

SQ17,U

5027,
A35%,1)

Y LLIAT
6140, 1

5980,S
627" ,U

&ngn g
- LI
&nyr,p

6340, S

S82N,1

SAKN, S

SARAN 1)

SR3C LN

epsr, g
8967 ,U
SaNN Lt

A1B7 1

SFETiIP

6M83,S

€a25,p
&£307,1)

A167, S

6107,
616,98

SRAN, P

587,41

ROTY, Y

6NAY, U

ENCN LY

£12%,U

620,10

6117,1

sa7n,i)
6397,

A7, Y

6157,

f981, 1

5880 ,U

tnon, g

Knon,y

6" 10,1}

6?2859 ,1)

6120,U 6232,Y

SR8%,U 5897,U 5890,U 5907,

A180,0 6187,U 6180, 6200,U

6182,U 6187%,U 6200,U 627N,V

6150,11 633040

AORD, U

591n,U

62335,V

6269,5

© 6594n,

[
t
(8]

~N
o
N
U

620N,V

6270,U



VARTARLF TyoOF

NPayTT
NPRNT
NDOQNTE
NPRNT
NPRNT )
MELYE
NGTRSS
NTHFTA
DE INT
a1 NAn
N

vl
QN2

0o

ney

ns
RPESTRT
SFTUP
SLVEFD
Sy
THETA
THETAS
THETAY
TIMP

Y IMFP

TPRNY

INTEGFR

TNTERER

TMTERED

INTERFD

INTERFO

TNTRGER

INTERER

IMNTERER
PEALGR
REA) %A
DFAL %8
PEAL®R
REAL®R
PEAL®P
PFAL*R
REA %]
PEAL %]
PEAL%A
REAL®Q
REAL %]
DEALAR
REAL %]
oEAL#A
REAL#S
REAL*R

PFAL®R

NIMENSTNN

2~4

1non

mnon

1029

1n2n

1r2s

20

577F,p
KTTNA,N
572%,0
fTI20,D
5717,0
s71r,n
STAN,D
8740,N
s78A,n
S6R0,N
R607,N
S600,0
=6an,n
5690, N
s40n N
&AM, N
L gl
RGAN, N
s8N ,N
11N, S
5740,
€74n,n
A2AN, S
LYY o) |
STTr, N

£91n, 4

WHEPE/HNW 1)SFDN

6390 ,1)

6180,y

G20 1)

5857,

6N5N 1)

€170,S

LY.L

62001

6117,

6240,

5930, 1)

5940,

SET|jo

6390 ,11

40,1

A1RY, S

A1RD,0

6127,

6357, 1

6229,

6187,U 6200, 5 h?203,U

A200,U 6232,y

A230,U

6270,V

€0g-e-r



VARIARLF TYPE

XTHY REAL#*S

X\ AEALER

INTTIAL
VAL IE

NIMENSTAN

6550

WHERF/HNW USED

61nn, S 6110,V

868N, N

SETiIjO

6127,

¥0¢ €-C



VARTARLFE TYPE

AMY

AvYA

av2
AV
AMg

AMS

AMB
AM7T

AvA

AMQ

AT

R=AL®A

RFEAL %9

REAL #R

PEAL®S
REAL &8
PEAL#Q

REAL®R

PEAL*R
REAL &R

OF AL %3

REAL®SR

aFALea

INTTTAL
VAL JF

NDIMFNSTNN

13v)

WHERF /HNW USED

11317,0
11400,
11579, 4
115217,
116847,
570,
11800, 1
1172~ ,18
11827, 1
119275,
12720,0
V2447, S
12767, S
172RAM,S
172087, S
‘3070'”
13127,
1117,
12247,
13337, 1y
13267, U
13200, 1t
Tx42N,1)
124670, )

11917, 0

11457,¢
12677,

11090, %
11700, ¢
11v7810,

1v730,8
12657,

S 11A9N, S

11689,

1147, S
V26210 ,1)

11hF7, S

11827,
12261,

11410, <
117237,
11817,
11527,1)
11567 ,¢
V1877,U
116727 ,U
1173, 1
Y1a37 .0
l!o?‘,u
120374
125667,9
127170, 8
12470, S
12072,8
varan
13137,
13177,
13267,U
12347,
13377,0
1230r,4
13440 ,1)
13470, 10

12237,

117727~,8
12687 ,1)

12160,
121 45,18
12160,U

11777, S
12727,

11767,
11757,S

1174m, <
12730 ,1

t173r0,S

12nar, 1
127270,

SN VEND

11467, S
11487,
1517,0
11537, S
11865,
11877,
1VAN
\\7&ﬁ'”
Y184~ 1)
119867 ,18
1216, 1)
12697,
1272°,9
1?Rn.'<
12987, ¢
12085 1)
13147 ,1)
121R2,U
12277, 1)
13340,1)
13377,101
1347, U
12440,1)
12470 ,1)

122)%,4

12207,0

12177,
1217°,4
12177,0

12220,.U

12127,U0
12127,

12217,

12705,

12127,4
1278%,U

1Y4h7,U
11687%,U
115817°,0
11827,
11667 ,4
11877,1
1iEra,
V1780,
11059,
1108~y
12°89,U
172697,8
12700,
12e9n, <
120an,9
13721 ,1)
12187,
13van,n
127" ,U
13247 ,U
12377,U
!3h]f'ﬂ
13650,
12477 ,0

12330,y

12229,y

121R9,U
121R87%,4
121RN,U

12230,1

1213n,0
12120%,U

12237,

127an,n

12Y4%,U

11460,V
114093,S
1152r,S
11837,U
11560,8
1167C,U
116850,0)
11767,
11867,V
1¥967,U
127A0,U
127°0,5
1287°r,S
12971, S
13700, S
13120,
13150,y
12180,U
1227%,4
133247,4
133RN, )
12410,4
13460,
13480 ,1)

12477 ,U

122RN,1

12190,4
12197,y
12190,4

12372,U

12147,U
12142,V

12290,V

1212M,U

12270,S

11670, S
11487,4
11527 ,U
1T1527,1)
1156%,U
11870, 4
11647,U
1177~ , U
11R72,1
11977,
12777,
12717, S
12817, S
12917,58
13217,S
13127,0
12067,1
1218°%,0
13277,
1338~ ,u
13382,4
12610,0
13450,

S134R0, Y

12437,

12332,U

12762,U
1275%,0
1274%,U

12330,U0

12152,0
1215%,U

1233%,0

12110,V

12272,1

11471 ,U
11493,U
t1520,U
11537,4
11567,U
11577, U
1167C,U
11787, 11
11887,
11980,y
12AR", S
12720, 8
12A821,S
12022, 8
13n2n,S
13122,0
13160,
1324°,4
13327,V
13260,4
13387,
13427, 0
1345%,U
1348°,0

12510,V

12370,V

12392,y

1264N,U
12637,V

123A87,9

12610.,U

12237,y

1167Y,U4
11497,4
11527 ,U
11539,y
11577,S
11872,U
1168",U
11705,U
11R9%,0
11967,
1261°,5
1273",S
12R3",S
12927,8§
13030, 8
13127,U4
12169%,U
1328%,U
13327,U
13363,0
13380,U
13430,U
13467,V
13480,

12553,V

126432,V

1243),U

12720,V
1271%,0

12439,V

12691,V

12233,4

11470,U
1157°C,S
1152%,4
11540,S
11570,V
11529,U
11690,
118971,y
11e°r,0
127%2,0
12627,5
12740,S
12841,S
12947,S
13T6N, U
13139,y
13162,U
1325n0,U
12329%,u
12340, 0
12390,

13432,U

13460,0
13557,0

12779,V

12487,U

125232,

12490,U

122404

11470,U
11507,y
11527,
11540,
Y1870,
11501,
11707,U
114917,4
11917,y
12717,
12637,8
12767,S
12R51, %
1295%,§
1372 72°,1
13130,y
13179,
1326r,1)
13327,y
1334&7,0
12340,
13430,1)
13460,

12550,U

12553,U0

12558,V
<

U
w

N

12250, R



VARTARLF TypE

AN

414

A S

AN

A8

Aro

L. ¥4

A2A

A7

A2

A23
A2&
ADS

Ly

REAL %9

PEALSR

REAL %Q

PEAL®R

PCAL &R

PEAL =R

REAL*B

RF AL %R
QEAL *g

RCAL &R

REAL®A

REAL%Q

RE AL %R

REAL %A

REAL &R

REAL®9
REAL *9
RF AL %R

REALER

DIMENSTNIN

WHERFE /HNW 1}SFD

11830, <

12251,
11920, 8

11030,
172457 ,U

11047, 9%
12410,1)

11057,¢
12657,1

11947, S
12440, 1)

11977, ¢
12930,1

1108n,9
j10an,6

1?ﬁﬁﬁ'§
1985013

12710,S
17587,

118410, S
12267, 11

12720,<
12859,y

12730, S
125877,

12740,8
12r~0,1}

172°8n,8
12767, S
12770, S

11850, <

12780, S
12267,

12230,

12177 ,0
12467 ,1}

12107, ¢
12457 ,U

12147,¢
Y2467 ,1)

12187,8
12020 .11

12266,S

12347 ,95
12437,S

12117°,13
12670 ,1

1211r,S
1786¢ 1)

12122,¢
12270,4

1215%,8
12577,1

12190, %
V1299r,1y

12267,

12380,5
1765¥,g
12550,5

12167,S

SALvrp

12087, 1)
12277,U

12237, u

12167 ,1)
12997, u

12177,V
V2667,

12147, 11

1291%,1

12197,1

12287 ,01

12340,V
1243°%,0

12157,U
12967 ,4

12117, 0
12877, 1

1212~,U

12877, 11

12187,0
Y12G8%,1)

12197,Y

1226%,U

12380, 1)
12657 ,1)
1285%,U

12167, U

12122,U
1270n,

12427,
121RY,
12147,0
12029,

1210n,1
12257 ,1
12247,

12420,5
12569,1)
12107,u
12150 1)
17977,y

1216%,0
12190,1)
1226%,0
12260,4

12657,
12567,S
12739,

12723%,U

12160,V

12440,U

12267, U

1218C,U

12260,U

12340,1}

12413,S

12420,U
1266%,U

12240,U

12190,0

12220,9

12260,U

1235n0,U

12450,U

12537,S

12540,

12230,uU

1221)7,S

12832,V

12343,0

12253,0

12340,

12672,S

12417,0

12640,
12957,

12352,u

12267,

12220,U

12350,V

12650, U

12523,

1253%,U

12662,U

12240,0

12210, S

12560,U

12377, S

12340,V

12391,5

124090,V

12430,U

12447,V

12450,1)

12350,0

1223n,1

12457,U

12517,5

12527,V

12567,U

12562,

12250,0

12233,V

12887,V

12370,4

12381,S

123992,U

12430,U0

124371

12457,V

12489%,S

12459%,U

12230,V

12501,S

1251C,U

12567%,U

12562,U

12582,U

12260,V

12230,V

12431,

12280,U

124397,V

12432,U

1245%,U

12470,

124807, 1)

'1249305

1224n,0

12500,4

12557,

12557,1

12589,U

13027, U

1227G,0

12240,0

12433,0

1243%.U

12430,V

12457 ,U

124671

1294",U

12557,9

1249%,1)

12250,4

12552,

902°¢-C

12557,U

12573,1

13710,1

12810,V



VARTARLE Tvypr

AG

AS

AR

A7

AR

AQ

CNNST
"YCLE
nr2

I

1PCAF
INFIF
11
ToRINT
TTAM

J

REAL*8

QF AL %9
PFAL =R
PEAL*Y
REALRR
REA[L &8

PE AL ®
PE AL 2
PEAL %9

INTERFR

INTERER
INTFGFR
TMYCERRER
INTERER
INTFGER

TNTRARER

INTERER

ATMrSTAN

WUFQF /HNW 1ISFN

1) 84N,S

11R7N, €
12157,y

11837, 5§
12367,1)

11800, g
12367,0

11927,

1716%,1)

172R7T", 1)

11277,0
11377,0
131270,0

11300, ¢
11409, 1)
1797 ,4
11890, 1
11904,y
1261%,4
1771“,“
12Aa37, 4
12027,y

13N

11280,N
11280,Nn
11240,
112enr,n
11390°,0
11637, %
12340,
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1AQ1r N
16917,0
15020, N0
16887, D
16RRA LD
VARON N
16021 ,n
TART™ N
16877, N
1AR71, D
16870, D
TROLA LN
16977 ,0
1TARTA LD
10088 ND
17480,

T Y.L T

17297,0
17337,0
17387,
1720,
17737 ,U
1715%,0
17020, S

17320,1)
17367, U

1715170

17270 ,414

17720 ,U
170645 ,10
17097,0
17027,

17547,S

17400 ,1)

17230,4

TENPCE

172R7,4
17327, 4
17300, 18
V7RS4
17047, 1
TTIRA LY
17060, S

17327 ,4
17387, U4

1724~, 1

VINAT LU
1708 ,1)
17720 ,0
17040 ,0

17540 ,U

17517,

1763%, U

17700,U
17367,
172R7, Y
AR AN AR
17770,
171671
17760,8

17320,
17387,U

17310,y

17040,

17347,1

17300,U
17340,U
17390,U
17790,U
17780,U
17160,U
17080, <

17330,0
17380,

1733%,Y

17060,U

17060,U

17300,
1734°,U
17397,4

171092,

1728%,1y

17340,U
17290,y

1738%,U

17070,U

17087, U

173°0,U
17350,U
17400, U

1719%,u
17280%,1

17340,
17400,4

17370,U

1T0RM, U

1709%,U

1731%,U
17367,4
17400,V

17217,U
17280,U

17342,V
17470,y

17390,U

17810, 17510,U 17527,S 1753%,U 1754n,U0

17320,V
17360,0
17420,U

17210%,U
17300,V

17357,
17420,U

17400,V

17327,4
17360,1)
176427,

17207,
17360 ,U
17420,

17420,1

gLe-e-r



VARTARLE

fre

mncar
INELF

TELM

TH

THADM

Kyp

N
NFLFuS
NF O

NF QT
NH
NHNS
NHO

NY
NNNNF S
NDQMNTF
NDRNTY,
NPMTO
NST7E

PH

TYPE

INTEGFO

TNTERFR
TNTRRER

TNTERER

INTEGFD

INTEAEQ
INTERED
tnrenen
1vNTERER
INTERFD
INTFRFPR
INTERFD
1TNTERFD
INTERED
tNTeERzD
TNTERFD
TNTERFR
I\)*rnrr\
INTERTER
INTERER
INTENER

REAL %A

DIMENSION

59

WHFRE /HNW 1JSED

17237, S
17380, 1)

TAQIN N
16027 ,N
168687, 1)
17767, U
17777,
17147,y
17107,
17227,
17320 ,U
17248 ,U
17267, 1)
17%27,U
169°7,D
YT4AN, S
172567,8
1AQ70, D
160970 ,n
Y6927, D
16927,D
1AQ20,D
JeQ2", N
164G NN
16927 ,0
1AQ210, D
1592~ ,n
16020 ,0
1AQ20,0

16927,N

14980,

17277 ,U
17287, U

17“7”,”
1776% )
‘7A7ﬁ'”
17187,1)
17197 ,Y
17327,U
17477, 18
17257 ,1)
17359,
17250 ,U
17670,4

17240,0

17147, 0
17537 ,U
17830 ,4

17247, 0

TEPRCF

17277,0
Y7279,4

171727,
YTRGY )
1708%, 1t
LR AL LI
17107, 4
Y7310,
17400 ,4

1727°,U
1736%,0

17477,0

17467 ,1)

1728711
1738%,U0

17027, 18
17757, U
17787, Y
17V50,0
17217,
17227,0
1742°%,U

177277,
173770

1757%7%,5

1729,1)
17397,U

17729, U
1778%,1)
1778°%,U
17150,U
17210,4
17330,4
176420,0

17282,V
173R83,U

17510,U

17307,V
17472,

17727,U
1776%,U
17180,
1TVI62,Y1
17210 ,1
17347401
1783%,U

172a0%,U
17397,V

17517,0

17310,y
176417,V

17020,4
17767, 0
17000,V
1716750
17210,
17357,U

17307 ,U
17472,V

17530,V

1732040
17427,U

177227,y
17767,U
17799,V
17167 ,U
17277,V
17367,V

17310,U
176104V

17540,V

17330,U
17230,

17140,
177", U
1739n,U
171575V
17277,U
17370,V

17320,0
17420,U

1754n,U

17340,U

17747,
1777544
17137,
17192,
17280,y
173R3,9

1733°%,U
176430,V

Lie-e-r



TVITIAL
VARTARLF TYOF VALYF
OHD RFAL *Q
pPHDD PFALAA
PHPPY PFAL®R
PHDDD REAL %R
Pt OEAL &R
9 QTAL %A
nNu REAL%S
o OFAL*3
L L\ REAL2R
by RFAL %A
ney RFEAL %9
20 PEAL®R
n< PTAL A
OnEs REAL*A
] PFAL %R
STNE peAL#*A
STINM REAL RS
Y PFAL®A
TFNRCF PEAL %N
TH PEAL %A
THER REAL &8
YKo RFAL%*A

NIMFENSION

59

1020
1ran
1r29
1720

1r2n

5N
51
50

el

ENyS,y2

WHERE/HNW USFD -

1;Q9P,ﬁ
17170, %
17150, S
17140,
17P1N0,S

14947, 0
17470, §

1A04L0, D
18940, D
16940,D
16947,D
16047 ,N
16040,D
16940 ,N
14947, D
1AARN D
1670 ,D
16887 ,D
164876,0
16RS5F,D
16800, N
AR LN,

17260,9

17187 ,4
17197,S
1770 ,U
17377,
17007 ,0

1729%,S
17517,

17497 ,S

17027,U

17270,

17287, 1

TENPCF

17157, 17167, 171690,U
1721%,S 1736~,U 1739Nn,U
170460, YThA™,I 170800
17377,8 17220,S 173412,
17511,S 17510, 17540,V
17740, 17760,U0 170AR, U
17287, 173%0,0 17320,U
1730%,U 17330, 17360,4

17192,U

173613,5S

17360,0

17400,

17190,U

17380,S

17360,V

17600,1)

17212,U

1740n0,S

1738,

17422%,4

17210,Y

1742045

17400,U

17420,1

1747C,S

17427,V

gLete-r



VARTABLF TYOF

AL S -
ALT
ANG
rFONST
NSIN
nry
nr2
FoCE

HARM

I
TRDY
1NN
TheLe
fho
TELM
TELM)
1FLM?
T4
THADM
KEY
KYP

LE

NP

prALva
PEALAA
PRAL %A
DEAL%R
PRAL *8
RpEAL &R
REALZR
REAL 2R
REALSR

uTECEQ

INTERFR
INTERFR
INTFRED
IVTEATR
INTEREDR
INTEGFR
INTERER
INTEAED
INTFGER
INTEREQ
INTEGFRR
INTERFR
TNTERFR
INTEGFR

INTEGRER

INTITTAL
VAL'SF

NTMENSINN

en

sr

5ny542

WHFRE/HNW UUSFD

16i50.0
16167,0
14220, ¢
1Ai;ﬁ,n
16R10,U
16160,0
14120,0
1A140,N
YA1AF N
IA’JNP’U
1830, 1
1RADN U
1A10N,Y)
16790 ,%
16130,D
1£120,0
16420,
1A1NN, i
16370, ¢
1A2721,S
16457,9
TR1AM, D
18347, S
166460,
16240,
16120 ,0

16Y70 40

16380,

16610,1

16740,

16370 ,U
16520, 1
16727 U

16730, U

1642r U
1VR227 1)
YA2QT , U}
16247 1)
TAL 6N,
V6467 41}
16357,V

16670 ,1)

1630",U

THCNF

16620,1

162010
16520,U

16T40,1)

16437 ,U

16240 ,1

1630°, S

YATAN, U

1636%,0

16517,

16627 ,U

16300,5
16547 U

162647 ,U

1639N1,0

16740 ,1

V6377 ,U

16667,1)

16390,y
16540,U

16250,U

1639%,U
165640,U

1672A0,18

16390,U
16580,

16747,4

16400,U
16599,V

16400,5
1660041

16577,8
16610,4

6lee-r



VARTARLF

NAD
NDP?
NP2 ‘
MELFMS
NED
NEQT
NH
MHNS
NHD

NN
NAINE S
NDRNTE
NOONT [
NPONTY
NS
NSI7F

NT

L3

DINT

RINT

TAPES

TH

INTYTAL

TyoE VALJE
TNTERFED
INTERco
INTERFO
TYTERER
INTECFO
TMTERED
1NTeGes
INTERED
TMTERER
INTEAFD
TNTFOFD
INTERED
INTEREP
TNTERED
INTEGFR
TNTERFR
INTERER
REAL®R
REAL®0

QFAL %A

REAL *R

REAL &R

REAL®S
REAL®R

REALER

DIMENSTION

T4

T4

T4

n,8,2

WHERE/HNW USEN

16370, S
TR31A, 8
16610,
16120,0
14120 ,0
16120,0

‘615",h

1A160,N
16120,N
16120, 0
16120,0
16130,N
1A120, N
16170,N
1A120,0
141700
16140 ,N
16230, 9

16480, €
16770, 1)

16140 ,D0

1A6a0, <
)ﬂ"].ﬂ.ﬁ_

16140 ,0
1£170,0

1A1L8A, N

16307,U
1A340,U

166270 ,\)

1R457,1)

16250,0

1A200,8
16667 ,4

16527, 8
16737,4

16207,8

VAR4LN, S
1ATG" 1)

16730, 8

THENF

1637, 0 16320,0 16330,U 16407, 16410,U 165AM,U 16520,U 16580,U

16297,

16247, S
16567,

YAS3IN, U

16370,5

16567, 1

16269,U
1A630,1)

16850, <

1RATN, 1}

16567,S

16390,U
16460 ,1

16560,

16300,y

1A560,U

16530,U

16610,5

16560,U

1662%,5

16610,U

1661N,U

16627,V

16620, 0

16670 ,U

16637,

16680 ,U

16643,S

16630,U

16640,1)

16670,S

166RN,S

0¢ee-C



VARTARL F TYPF

THrAE

X1

X?

YKo

REAL%R
REAL®R

REAL A

OFAL®Y
PEAL®A

REAL*R

TNTTTAL
VAL'JF

NIYFNSINN

T4

WHFRE/HAW (<FD

14107,D
v6i8A,n

16147, 0
16841 Y

16500, 8
TEHN", S

1647C,S

16377, S
168460,1

1AALA, U
16610,§

16597 ,1)

THENF

16227%,11 16287, S
1659%,0 16607%,U

16620,4
1662°,S

T6AMN L) 16610,1

-

16393,U

16620,U

16390,V

164392,5

16430,V

16530,U

16530,V

Lee-e-t



INITTAL

VARTABLF YYPF VALUF NIMENSTINN
cr.c REAL %R 125
rcee RFAL %A 628
cnu;r REALSA

c< PEAL*R

rss DEAL %A 125
recg OFAL ¥R

nvo PEA| #8

FE[AHT REAL %R

FF1YF eEAL*P

FENNN REAL %R

CNNFE PFRAL xR

FCEVIN PEAL*]

rery REAL*Q

FTHRFE OFAL%R

ETWN RFEA| %9

HARM REAL %R

TARS TMTFERED

rnenr INTERFR

INFLF INTERED

1FN INTERFQ

THARM fnNTERER L]
18 INTERER

™ INTERFO

WHEQE/HNW 1)SFN

1?60”'D
17617,0
17620,D
17607,0
17406,0
17417,D
17A20,D
1R237,S
18207, S
17840, S

1783", S
18467,U

1R2274S
19210,S
17857, 8§

178671, <
194467, 1)

17647,D
17787,U
17420, N
17430, N
19070, S
V766NN
V7740,S

17787, S
YTRIIF,U

17950,S

1R&4LN, S

17970,S

18390,8
12726%,S
179739, S

17271,8S

1824n,§
1R27P, ¢
17017,S

17R9N0,§

178217,

18180,
17727,1)
VITT L0

17790 ,4

TRI4OR

1A432,9
109470, €
17947, S

178R%,S

1R427,S
1R417,9S
}7927,S

17977,

18FRN L1

1R8N, 1)
17747 ,1)
L77RY, U

17800 ,1)

1R&4TN, 1}
18677, U
17970,1)

170987,y

1R4 TN,
1R4TN L)
17070, U

17257,V

18127,U

1RG 4L, 1)
1T7R7,U
17817°,0

17907,U

18190,S

17967,U

1R180,S

17967, U

18335%,U0

1R450,U
1RI20, U
1TR2N, 1)

1RNB0, S

183n3,S

18162,S
\

182R2,S

18177,8

18353,V

1R467,U
18762,
YANGN,S

1813°,U

18310,5S

18247,9S

18290,S

18267,5S

18470,0
18060,U
18ANnT72,0

18130,U

18640,V

18259,5

18440,V

18270,S

1810¢C,U
1ANARN, Y

18280,U

18450,U 18460,1)

18440,U 18457,V

18450, 1R452,U

18440,U 18457 ,U

1R340,U 18357,U

18290,U 18R3IN",U

2eee-rl



VEQ[{ARLF TYPE

Ty,
TMMm

1Py .

TPy
1om
1Ty

RS

KK
K™

KMy

LA

KD

ut

NF{ FMS
NEN
NEQT
\H
NHNS
NHO

NN
NNNNF
NPQNTE
NPRNT |
NPRNTOQ

NET7F

INTERER
INTERCD

INYERED

TNTFRFQ
INTERZD
tyrenca

INTERED

INTERER
Tyregeo
TuTEAER
INTFRER
TNTERER
INTERFO
INTERER
INTERER
INTERED
INTERED
INTERFD
INTEAFED
INTERFR
TyTERED
InNTERCED
INTERER
INTFEGEP

INTERED

NIMENSTNN

WHFRE /HNW {JSEN

1835n,S
17821, S

17777, 8
18277, 1)

1R24P, §
17810, ¢
17777, 8

17767,S
1/°87N, 1)

192170, S
18331, <
1R120,S
18371,§
11110, S
1”027, S
17627,0
17620,0
1T7620,0
176/20,0
1762740
17647 ,0
YTTAP N, D
1762~,D
17830 ,0
17620 ,0
17420,N

1752N0,0

1R360,1)
17937 19

1770n,1)

18380,V
1791711
17800, <

17770 ,18
1RAAN

1R117,0
18270 ,1)
18137, 4
18340,1)
18127,y

18117,0

17710,U

TRT4NR

1R370,U
1704%,1)

17877,0

1R300, 1
17927 ,1)
178NN, 1)

17787 ,0
1R22°,4

1R127,U
18307 1)
18127, 4
1R2AN, U
18127 ,U

1812%,1)

1773%,U

1R40ON )

17RAN,U

18420 ,1)

1796041

17910,
18230,4

1A22r Y
18610,
19267 ,U
YAGPN U
18245,4

18340,

177510 ,0

TR410,U

1R271,S

1243N0,1)

17940,U

17920,V

18337, U
1R410,U
127N,V
18470 ,U
lqéS’.U

18350,

1RI1D, U

1R137,U

17977,U

17927, J

18432,U
18272,.,U
18422,U

18250,U

1813n,U

1793%,U

1B430,U
18300,V
18427,V

18280,U

1R8240,V

17940,U

18310,V

18290,V

18037, 18050,U 18199,V

1R250,U

17940,U

18310,V

18290,U

18267 ,1)

18167,S

€e2e-r



INTT L
VARTABIF TYPF VAL IF DIMENSTON
01N REAL®R
PING REAL %R
SCrsS CFEAL®A 6256
Sk PEAL®R 125
secr REAL SR 625
S£8SS REAL®R 625

LE S e L REAL®R

TRI&NR

WHFRE/HAW USEN

17690,5 179680,1) 1794N,1I5 1797N,Y
1790Nn,8 1R46"™,U 1R4SD,1) 1%46N0,1
17610,0  1R4TN, 1)
17600,0  17940,S
17610,0  VR4A™,S
17610,0  1245N,S

17580,

1R479%,U

yeete-r



COMMON
BLOCKS

CHALS
CONST
)

CS4
CYCLE
EES
FRCE
GCD
GEOM
HARM
NLTRMS
PRINT
PS

Qs
QUES
RESTRT
RSTRNT
RZ
SLVEEQ
TAPES
THCON
THER
THETAS
TMFT

ROUTINES
MAIN  INPUT
X
X X
X X
X
X X
X X
X
X X
X X
X
X
X
X X
X
X
X
X X

SETUP

> > > > X

NLTERM  QPRIME

> > < > >< >

XX D XX > D < >

HOUBQ?

> > ><><

COMMON MAP

HOUBQN

NRESTR

MATMUT

SOLVEQ

STRESS

> < X< ><

> DX

FRCES

THCOE

TFORCE

>< >

TRI40R

>< >¢ <

gee-e-r



FRCESV
EQUIVALENT VARIABLES
NONE

HOUBQN
EQUIVALENT VARIABLES
NONE

HOUBQ1
EQUIVALENT VARIABLES
NONE

INPUT
EQUIVALENT VARIABLES
DUM(1),XN(1)
XN(1),COMENT(1)

MAIN
EQUIVALENT VARIABLES

QN(1),CARD(1)

MATMUT
EQUIVALENT VARIABLES

NONE

NLTERM
EQUIVALENT VARIABLES

NONE

EQUIVALENCES

preceding page blank |

J-3.227



J-3.228

NRESTR
EQUIVALENT VARIABLES
NONE

QPRIME
EQUIVALENT VARIABLES
NONE

SETUP
EQUIVALENT VARIABLES
NONE

SOLVEQ
EQUIVALENT VARIABLES
NONE

STRESS
EQUIVALENT VARIABLES
NONE

TFORCE
EQUIVALENT VARIABLES
NONE

THCOE
EQUIVALENT VARIABLES
NONE

'EQUIVALENCES (continued)



J-3.229
EQUIVALENCES (continued)

TRI40R
EQUIVALENT VARIABLES
NONE



J-3.231

FRCES
FORMAT STATEMENT MAP

STATEMENT

LOCATION NUMBER SPECIFICATION

15980 160 1H1,35X,49HFOURIER COEFFICIENTS OF
APPLIED PRESSURE LOADINGS,//,20X,
10HMERIDIONAL,20X,6HNORMAL ,20X,
TOHTANGENTIAL,10X,12HHARMONIC NO.,//

WRITE (6,160)
16010 ' 170 215/(3F10.0)

READ(ND,170) IELM1,IELM2,(P(I),R(I),
S(I),I=1,NH)

16020 180 /60X, 1TTHELEMENT NO.,I3,1H-,13,

//(2X,3D28.7,15X,12)

WRITE(6,180)IELM1,IELM2, (P(I),R(I),
S(I),1,I=1,NH)

190 1H1,51X, 30HAPPLIED LOADS ON THE

STRUCTURE///56X, 19HPRESSURE COMPONENTS
//20X, 1TOHMERIDIONAL ,20X ,6HNORMAL ,
20X, TOHTANGENTIAL ,11X,19HFROM THETA
TO THETA,9H(DEGREES)

WRITE(6,190)

16060 200 315/(4F10.0)
READ(ND,200) IELM1,IELM2 ,NDP,(THETB(I),
P(I),R(I),S(I),I=1,NDP)

16070 210 /60X, 1THELEMENT NO.,I3,1H-,12//(2X,
3F28.3,12X,2F10.3)

WRITE(6,210)IELMT,IELM2,(P(I),R(I),

S(I),THETB(I),THETB(I+1),I=1,NDP)

16070 ' 220 2X,3F28.3,12X,2F10.3

WRITE(6,220) (P(I),R(1),S(I),THETB(I-1),
THETB(I), I=NDPP2,ND2)

Preceding page blank \



INPUT

J-3.232

FORMAT STATEMENT MAP

LOCATION
05050

05070

05080

05090

05100

05110

05120

05130

05140

STATEMENT
NUMBER

730

740
750

760

770
780
790

800

810

SPECIFICATION

1H1,38X,65HDYNASOR-IT - DYNAMIC
NONLINEAR ANALYSIS OF SHELLS OF
REVOLUTION//

WRITE(6,730)

215
READ(ND,740)NCARDS,NT

20A4
READ(ND,750) (COMENT(J) ,J=1,20)

2F10.0,415,/,1015

READ(ND,760)TOTIME,DELTE ,IRSTRT,INCRST,
NCLOSE,ITELF ,NPRNTQ, IPRINT,NCLCST,
NSTRSS ,NPRNT ,NPRNIT ,NPRNTL ,NPRNTF,
NPRNTH ,NPRNMS

15,/,(8F10.0)
READ(ND,770)NTHETA, (THETA(I),I=1,NTHETA)

1615
READ(ND,780)NODRES
READ(ND,780)NP,NDIRCT
READ(ND,780)IQN,IQNT

///,2X,46H**SHELL IDENTIFICATION
COMMENTS FROM SAMMSOR**
WRITE(6,790)

/5X,20A4
WRITE(6,800)(COMENT(J),J=1,20)

TH1,50X,33HCONTROL CONSTANTS AND
COMMENTS///35X,8HTOTIME =,F12.9,22X,
7HDELTE =,F13.9/35X,8HIRSTRT =,I12,
22X ,8HINCRST =,112/35X,7HNPRNT =,
113,22X,8HNPRNIT =,112/35X,8HNPRNTQ =
112,22X,8HNPRNIT =,112/35X,8HNCLCST
112,22X,8HNSTRSS »112/35X,8HNPRNTL
12,22X,8HNPRNTF = I12/35X 8NHPRNTH =
112,22X,4HNT =,I]6/35X 4HNS =,I16, 22X
4HND =,116,/35X,8HNCLOSE =,I12,22X,
JHITELF =,113/35X,8HNELEMS =,112,22X,
8HNPRNMS =,112/35X,4HNH =,116,/35X,
7HIHARM =,5111//



INPUT

FORMAT STATEMENT MAP

LOCATION

05210

05220

05260

05270

05280

05320

05330

STATEMENT
NUMBER

820

830

840

850

860

870

880

J-3.233

SPECIFICATION

WRITE(6,810) TOTIME,DELTE ,IRSTRT,
INCRST ,NPRNT ,NPRNIT ,NPRNTQ, IPRIT,
NCLCST,NSTRSS ,NPRNTL ,NPRNTF ,NPRNTF,
NPRNTH,NT ,NS,ND,NCLOSE, ITELF,NELEMS,
NPRNMS,NH, (IHARM(I),I=1,NH)

35X,8HNTHETA =,112,/35X,7HTHETA =
5F10.2,(/,42X,5F10.2)
WRITE(6,820)NTHETA, (THETA(I),I=1,NTHETA)

/////50X,29HNUMBER OF NODAL RESTRAINTS
IS15//52X,9HDIRECTION,12X,7HAPPLIES,
//,57X,1H1,10X,15HAXIAL RESTRAINT,/,
57X,1H2,10X,20HTANGENTIAL RESTRAINT,
/+57X,TH3,10X,16HRADIAL RESTRAINT,/,
57X, 1H4 10X, 17HANGULAR RESTRAINT, //,
58X, 15HNODE DIRECTION/

WRITE(G 830)NODRES

58X,13,7X,I1
WRITE(6,840)NP,NDIRCT

215,4F10.0
READ(ND,850)IN1,IN2,Q1,Q2,Q3,0Q4
READ(ND,850)IN1,IN2,Q1,Q2,Q3,Q4

THT,7X,7HINITIAL,29X,10HVELOCITIES, 22X,
3HAND,19X,13HDISPLACEMENTS//4X,
124HNODE HARMONIC AXIAL TANGENTIAL RADIAL
ANGULAR AXIAL TANGENTIAL RADIAL ANGULAR

//
WRITE(6,860)

5X,12,6X,12,3X,8D14.4
WRITE(6,870)I1,IHARM(I),QN(IQ+IX+1),
QN(IQ+IX+2),QN(IQ+IX+3) QN(Q+IX+4),
QN (IQ+IX+1), QN](IQ+IX+2) QN1(1Q+IX+3),
QN1 (IQ+IX+4)

215,2F10.0
READ(ND,880) IELM1,IELM2,ALSIT,ALTI]



J-3.234

INPUT
FORMAT STATEMENT MAP

STATEMENT
LOCATION NUMBER SPECIFICATION

05340 890 1H1,45X,4THELEMENT ELASTIC AND
GEOMETRIC PROPERTIES,///67HELEMENT
ALPHA--S ALPHA--T E1 E2 FNUl FNU2
G, 11X, THR, 11X, THT,9X,4HARCL ,9X,2HPH,
10X,3HPHP//
WRITE(6,890)

05370 900 3X,12,2X,4D10.2,2F6.3,6D12.4
WRITE(6,900) (I,ALS(I),ALT(I),ET(I),E2(1),
FNUT(I),FNU2(I),B(I),R(I),T(I),ARCL(I),
PH(1),PHP(I),I=1,NELEMS)

05380 910 1H1,38X, 15SHHARMONIC NUMBER,I5,37H HAS
THE FOLLOWING STIFFNESS MATRIX//
WRITE(6,910) IHARM(JH)

05400 920 2X,D16.8,/,2X,2D16.8,/,2X,3D16.8,/,2X,
4D16.8,/,2X,5D16.8,/,2X,6D16.8,/,
2X,7D16.8,/,2X,8D016.8,/,(2X,5D16.8,/,
2X,6D16.8,/,2X,7D16.8,/,2X,8D16.8,/)

WRITE26,920)(XN(I+NN),I=1,NSIZE;
WRITE(6,920) (XP(I+NN),I=1,NSIZE

05430 930 1H1, 38X, 15HHARMONIC NUMBER,I5,32H HAS
THE FOLLOWING MASS MATRIX//
WRITE(6,930) IHARM(JH)

05450 940 1H1//////5X ,45HTHIS SOLUTION STARTS AFTER
TIME INCREMENT NO.,I5,19H WHERE THE
TIME WAS,F12.4,13H MICROSECONDS,/,5X, .
27H AND THE TIME INCREMENT WAS,D12.5//////
WRITE(6,940)ITP,TPRNT,DELTEP

05480 950 F10.0,415,A8
READ(ND,950)T1,NCF,IDELF,IDCOE,ITCOE,CONSTF

05490 960 40HTFOLLOWING IS LOAD DESCRIPTION AT TIME =,
F12.4,13H MICROSECONDS,5X,A8 :
WRITE(6,960)TPRNT,CONSTF

05510 970 215,4F10.0
: READ(ND,970)NCF1
READ(ND,970)IN1,IN2,F1,F2,F3,F4



INPUT

FORMAT STATEMENT MAP

LOCATION
05520

05540

05550

05560

05580

05590

05610

05620

STATEMENT
NUMBER

980

990

1000

1010

1020

1030

1040

1050

J-3.235

SPECIFICATION

///20X,30HCONCENTRATED FORCES HARMONIC ,
15//6X,8HNODE NO.,6X,5HAXIAL, 10X,
TOHTANGENTIAL ,10X,6HRADIAL,13X,
7HANGULAR/

WRITE(6,980) IHARM(IH)

110,4D20.8
WRITE(6,990)IN,F1,F2,F3,F4

215,/,(2F10,0)
READ(ND,]?OO)IELM],IELM2,(TH1(IH),DTH1(IH),
IH=1,NH

1H1,25X, 39HTEMPERATURE COEFFICIENTS,
HARMONIC NO. I3//10X,TTHELEMENT NO.,
17X,12HTEMP. COEFF.,12X,18HTEMP. GRAD.
COEFF.///

WRITE(6,1010) IHARM(IH)

120,2D30.5
WRITE(6,1020) IELM, TH( IELMIN,IBP1),
"DTH(IELM, IH,IBP1)

1H1,25X,32HGENERALIZED FORCES, HARMONIC
NO.,I3,//6X,8HNODE NO.,6X,5HAXIAL,
13X, TOHTANGENTIAL,11X,6HRADIAL,13X,
7HANGULAR///

WRITE(6,1030)KYP

19,4D19.8
WRITE(6,1040)I,FORCE(K+1),FORCE (K+2),
FORCE (K+3) , FORCE (K+4)

1H1//////5X,42HRESTART INFORMATION FOR
TIME INCREMENT NO.,I5,/,10X,22H
CORRESPONDING TO TIME,F12.4,13H
MICROSECONDS,/,2X,51H HAS BEEN PLACED
ON TAPE FOR USE IN SUBSEQUENT RUNS//
WRITE(6,1050) ITAM,TPRNT



J-3.236

MAIN
FORMAT STATEMENT MAP

STATEMENT '

LOCATION NUMBER SPECIFICATION

00790 1o 315

00200 READ (5,110)  NCASES,ND,NS

00800 _ 120 1H1,///,30X,31HTHE NUMBER OF CASES TO

' BE RUN=I5

00210 WRITE (6,120) NCASES

00810 130 20A4

00300 READ (5,130) CARD

00820 140 //8H1 NCASE=,I1//,28X,22HPRINTOUT OF
INPUT DATA,/

00350 WRITE (6,140) NCASE

00830 150 13X,2H10,8X,2H20,8X2H30,8X2H40,8X,2H50,
8X,2H60,8X,2H70,8X,2H80/5X,80H1234567
8901234567890123456789012345678901234
567890123456789012345678901234567890,/

00360 WRITE (6,150)

00860 160 5X,20A4

00390 WRITE (6,160) CARD

00870 | 170 72H THE NUMBER OF INPUT CASES DOES NOT
AGREE WITH THE VALUE OF NCASES INPUT

00430 WRITE (6,170)

00890 , 180 TH1//10X,18HALL DATA PROCESSED//10X,
11H. . .STOP

00760 WRITE (6,180)



SETUP

FORMAT STATEMENT MAP

LOCATION

06430

06440

06460

06470

06500

STATEMENT
NUMBER

110

120

130

140

150

J-3.237

SPECIFICATION

1H1, 30X,6HITAM =,15,5X,6HTIME =,F12.4,
13H MICROSECONDS//

WRITE(6,110)ITAM, TPRNT

WRITE(6,110)ITAM,TPRNT

36X,22HDISPLACEMENTS OF NODES/38X,
9HHARMONIC ,15//6X,8HNODE NO. ,6X,
S5HAXIAL,13X,10HTANGENTIAL,11X,
6HRADIAL, 13X, 7HANGULAR/ /
WRITE(6,120)KY

110,4D20.8
WRITE(6,130)I,(QN(K+J),J=1,4)
WRITE(6,130)1,(QLOAD(K+Jd),J=1,4)

25X, 34HDISPLACEMENTS OF NODES AT THETA =,
F8.3,9H DEGREES/38X,13HALL HARMONICS/2X,
8HNODE NO.,9X,5HAXIAL,12X,10HTANGENTIAL,
12X, 6HRADIAL , 13X, 7HANGULAR/ /
WRITE(6,140) THETA1

1H1,5X,4HITAM,15,5X,4HTIME,E12.5//6X,
55HEXECUTION TERMINATED - DISPLACEMENTS
GREATER THAN 1.E+4

WRITE(6,150) ITAM, TIME
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STRESS
FORMAT STATEMENT
LOCATION
14740
14830
14850

MAP
STATEMENT
NUMBER SPECIFICATION
50 1H1,3X,6HITAM =,15,3X,6HTIME =,F12.4,

13H MICROSECONDS,//,47X,33HSTRESSES
AND STRESS RESULTANTS,/,25X,17HFORCE
RESULTANTS, 31X, 18HMOMENT RESULTANTS,
18X, 17HSHEAR  RESULTANTS,/,19X,
TO9HN(S)
N(T) N(ST) M(S) M(T)
M(ST) Q(S) Q(T),//,12H ELEM THETA,
» 104H
NO (DEG) ***** QUTER SURFACE STRESSES ¥k
INNER SURFACE STRESSES *¥*#*x_ / 15X,88H* SIGMA(S) S
?MA(;) SIGMA(ST) SIGMA(S) SIGMA(T) SIGMA(ST
*/

WRITE(6,50) ITAMT,TPRINT

60 14,F8.2,6(1PD15.4),30H XXXX XXXX ,/,12H,
STRESSES **,6(1PD15.4)
WRITE(6,60)I1,THETAT,STRNS,STRNT,STRNST,
STRMT ,STRMST,BSU,BTU,BSTU,BSL ,BTL,BSTL

70 14,F8.2,8(1PD15.4),/,12H STRESSES **,
6(1PD15.4)
WRITE(6,70)I1,THETAT,STRNS,STRNT ,STRNST,
STRMS, STRMT,STRMST , SHRS , SHRT,BSU, BTU,
BSTU,BSL,BTL ,BSTL



THCOE
FORMAT STATEMENT MAP

LOCATION
16780

16810

16820

STATEMENT
NUMBER

110

120

130

J-3.239

SPECIFICATION

1H1,41X,47HTEMPERATURES AND THERMAL
GRADIENTS ON STRUCTURE?//27X,
11THTEMPERATURE , 10X, 16HTHERMAL
GRADIENT,10X,29HFROM THETA TO
THETA (DEGREES)//

315/§3F10.0;
READ(ND,120)IELMI1,IELM2,NDP,(THETB(I),
P(I),R(I),I=1,NDP)

/,60X,1THELEMENT NO.,I3,1H-,12,//,
(28X3F9.3,]5X,F10.3,]6X,1F7.2,2X,
F7.2

WRITE(6,130)IELM1,IELM2,(P(I),R(I),
THETB(I),THETB(I+1),I=1,NDP)



LABEL CRGSS REFERENCE MAP

There is a label or statement number cross reference map Tisted
for each routine. This Tisting gives an ascending statement number
Tisting with corresponding references to that number. The Tisting
gives tne statement number baing referenced, sequence number of
referencing sitatements, and a corresponding letter value for each
statement reference. The letter values for each reference are one

of the following:

L - this letter indicates that the
referencing statement is a DO
LOOP and the statement number
given is the Tower bound for
the Toop.

B -~ this indicates that the referencing
statement is a branch to the given
statement number.

R - an R indicates Zhat the statement
number listed is the label for a
READ statement.

W - this indicates that the statement
numper listed is the iabel for a

WRITE statement.

Preceding page blank |

J-3.241
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FRCES

LABEL CROSS REFEZ:ZN7: MAP

STATEMENT
~JMBER

REFERENCES

15050,B
.5390,L
15330,L
15040,B
15400,L
15470,B
15440,8
15560,B
15510,8
15430, L
"5390,3
19720,B
15880,L
15920,L
15360,¢
15050,L
15080, R
15090, W
"5130,W
25170.%
thz, "W
R-EHVA

151.0,B

15550,B

15900, L

15600,B
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HOUBQN
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCES
NUMBER

10 9920,L

20 9990,L

30 10120,L

40 16170,8B

50 i0190,L
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HOUBQ1
LABEL CROSS REFERZNCE MAP

STATEMENT
NUMBEK

20
30
40
50
60
70
80
9G
10C

i1C

REFERENCES

9210,B
9180,L
9320,8
9300,L
9380, L
9600,B
9470,L
9527 L
G5865,B8
9630,L
9670,

9230,B
9340,8B



INPUT

LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

RcFERENCES

1180,B
1250,L
1240,3
176G,8
1480, L
1460,8
1580,L
1630,B
1620, L
1720,L
1540,8B
1930,L
2020,L
2140,L
2130,B
2370,8
2310,L
2270,
2260,8
2510,8B
2450,L
2470,L
2400,8
2550,L
2060,8B
2640,L
2710,8B
2700, L
2780,L
2910,B
2880,L
2820,B
2930,L
2920,B
305G,L
3060,3
3040,L
3350,B
3370,L
3220,3

150C,8

1650,8

2570,L

2730,8

3i00,B 3150,B

J-3.245



J-3.24¢

INPUT

LABEL CxCto RIfo LN

ST- TEWINT
NUMBEK

£.C
428
430
440
450
480
472
480

VAP

*c-ERENCE

3570,L
3510,L
©.30,8
3710,8
3730,C
375G, L
372G,3
3830,L
387C,L
4830,B
£310,B
“130,8
70,1
4380,L
4070,B
4£300,L
4280,R%
L:‘%-VG 9 0
4430,L
£40G,3
£50C.3
LLET,

L52],

[

Wl

S
!;\' .
[ O3] -
t D

|

LaiT
ey

3620,L

3760,L

3880,

4250,8
4120,8B

4440,L

4570,0

4055,L

2.0
kel

ooe
;_4\/\)9?-

225C,R



INPUT

LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

810
820
830
840
850
860
870
880
890
900
%10
c20
930
%40
950
960
970
980
990
1000
1070
1020
1030
1040
1050

REFERENCE

1780,W
1810,
2120,
2170,W
2300,R
2540, 4
2590, W
2870,R
3010.W
3020, W
3160,W
3170,W
3180,W
35i0.W
3S80,R
4060,W
4110,R
4140,W
4230,
4420 ,R
4560, W
4580,L
£670,W
4700,W
5020, W

2440,R

3190, W

4160,R

J-3.247



MAIN

LABEL CROSS + ZFERENCE MAP

STaT- ZAT
NuMc o

10
20
30
40
50
60
70
80

g’

REFERENCES

410,3
400,B8
340,B
310,8
750,B
510,
eous8
540,8B
620,L
700,58
20C.R
210,
30C. 3
35C,4
36C.
396, +
~Ellh

- -

[ES JVREY

650,5

> i
3\) g in



MATMUT

LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

10
20
30
40

REFERENCES

11010,L
11140,L

J-3.249
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NLTERM
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCE
NUMBER

10 6730,L

20 6910,8

30 6950,L 6970,L

40 6760, L
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NRESTR
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCES
NUMBER

10 ' : 10430,L

20 10420,L

30 10410,B

40 10560, L

50 10610,L

60 10690,L

70 10520,B 10660,B
80 10380,L

90 10370,B

100 10800, L
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QPRIME
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCE

NUMBER

10 7590, L

20 7980,L

30 goio,L 8030,L 8070,B

40 7910,L

50 ‘ 8370,L 8390,L 8430,L 8470,B
60 8330,L

70 8720,L 8740,L 8780,B

80 8680, L

90 8650,8



SETUP

LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

10
20
30
40
50
60
70
80
20
100
110
120
130
140
150

REFERENCE

5900,38
5960, L
6060,L
6i70,8
6080,L
6250,L
6050,L
6000,B
5830,L
6380,8B
5040, W
5950, W
5980, W
6240,W
6350,W

6130,L 6160,L 6190,B
601G,B
5910,B 5920,B 6330,B
6220,W
6270,W

J-3.253
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SOLVEQ
LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170

REFERENCES

11390,L
11420,L
11640,B
11640,B

- 11710,B

12590,B
12590,B
12670,8B

11440,8B
13090, L
13040,8B
13310,B
13310,B
13280,L
13500,L
13530,L

13400,B
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STRESS
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCES
NUMBER

10 13960, L

20 : 14530,B

30 14560,B

40 13820,L

50 13810,W

60 14540,W

70 14640,W
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TFORCE
LABEL CROSS REFERENCE MAP

STATEMENT REFERENCES
NUMBER

10 17130,B

20 17140,B

30 17180,B

40 17200,8 17440,8B
50 . 17460,L

60 17450,B

70 17480,L 17500,L
80 17520, L

90 17240,L 17270,8B



THCOE

LABEL CROSS REFERENCE MAP

STATEMENT
NUMBER

REFERENCES

16320,L
16420,L
16240,B
16520,L
16510,B
16580,L
16500,B
16660, 8B
16570,8
16450,L
16250, W
16300,R
16390,W

16650,B

16690,B

J-3.257
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TRI4OR
| LABEL CROSS REFERENCE MAP

STATEMENT REFERENCES
NUMBER
10 17710,L 17730,L 17750,L 17790,B

20 18010,L 18030,L 18050,L 18090,L 18130,B



FRCES
SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
INPUT

HOUBQN
SUBROUTINES CALLED
| NAME
MATMUT ( IH,QN2,, XP,QLOAD ,NEQ)
SOLVEQ(IH)
CALLED BY ROUTINES
SETUP

HOUBQ1

SUBROUTINES CALLED
NAME
MATMUT(IH,QN,XP,QLOAD,NEQ)
MATMUT(IH,QN,XP,QLOAD,NEQ)
NRESTR(KY)
SOLVEQ(IH)
NRESTR(KY)

CALLED BY ROUTINES

SETUP

LOCATION

LOCATION

09960
10180

LOCATION

09170
09280
09430
09450
09740

J-3.259
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INPUT
SUBROUTINES CALLED

NAME LOCATION
TRI40R 03210
NLTERM(O) 03360
FRCES(IELM,ALPHK,IB) 04320
THCOE(IELM, IB) 04510
TFORCE(IELM,IB) ' 04520

CALLED BY ROUTINES

MAIN
SETUP

MAIN
SUBROUTINES CALLED

NAME | LOCATION
INPUT(1) 0470
INPUT(2) 0670
NLTERM(ITAM) 0740
SETUP(ITAM, TIME ,LARGE ) 0690

CALLED BY ROUTINES
NONE

MATMUT
SUBROUTINES CALLED

NAME LOCATION
NONE -

CALLED BY ROUTINES
HOUBQT
HOUBQN



NLTERM
SUBROUTINES CALLED
NAME
QPRIME(IT)
STRESS(I1,ITAM)
CALLED BY ROUTINES
MAIN

INPUT
SETUP

NRESTR
SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
HOUBQ1

QPRIME
SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
NLTERM

LOCATION

06870
06930

LOCATION

LOCATION

J-3.261
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SETUP
SUBROUTINES CALLED
NAME

NLTERM
HOUBQN

TAM)
Y,IH)

INPUT(

CALLED BY ROUTINES
MAIN

SOLVEQ
SUBROUTINES CALLED

NAME

NONE

CALLED BY ROUTINES
HOUBQT
HOUBQN

STRESS
SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
NLTERM

I

(k
HOUBQ1T (KY ,IH) -

3)

LOCATION
05820
05870

05880
06400

LOCATION

LOCATION



TFORCE
SUBROUTINES CALLED

NAME
NONE

CALLED BY ROUTINES
INPUT

THCOE
SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
INPUT

TRI40R
‘SUBROUTINES CALLED
NAME
NONE

CALLED BY ROUTINES
INPUT

LOCATION

LOCATION

LOCATION

J-3.263
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FRCES
SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE LOCATION
NONE '

HOUBQN
SUBROUTINE CALLING ARGUMENTS

VARIABLE SUBROUTINE LOCATION
IH MATMUT 09960
IH SOLVEQ 10180
NEQ MATMUT 09960
QLOAD MATMUT 09960
QN2 MATMUT 09960
XP : MATMUT 09960

HOUBQI1
SUBROUTINE CALLING ARGUMENTS

VARIABLE SUBROUTINE LOCATION
IH “MATMUT 09170
IH MATMUT 09280
IH SOLVEQ 09450
KY NRESTR 09430
KY NRESTR - 09740
NEQ MATMUT ; 09170
NEQ MATMUT 09280
QLOAD MATMUT 09170
QLOAD MATMUT 09280
QN MATMUT 09170
QN MATMUT 09280
XP MATMUT 09170
XP MATMUT 09280

preceding page h\ank
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INPUT
SUBROUTINE CALLING ARGUMENTS

VARIABLE SUBROUTINE LOCATION
ALPHK FRCES 04320
IB FRCES 04320
IB THCOE 04510
IB TFORCE 04520
IELM FRCES 04320
IELM THCOE 04510
IELM TFORCE 04520
0 NLTERM 03360

MAIN .
SUBROUTINE CALLING ARGUMENTS

VARIABLE SUBROUTINE LOCATION
ITAM SETUP 00690
ITAM NLTERM 00740
LARGE SETUP 00690
TIME SETUP 00690

MATMUT
| SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE LOCATION
NONE

NLTERM
SUBROUTINE CALLING ARGUMENTS

VARIABLE SUBROUTINE LOCATION
ITAM STRESS 06930
I QPRIME 06870

I STRESS 06930



NRESTR
SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
NQNE

QPRIME
SUBROUTINE CALLING ARGUMENTS

VARTABLE SUBROUTINE
NONE

-~ SETUP

SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
IH HOUBQN
IH HOUBQ1
ITAM NLTERM
KY HOUBQN
KY HOUBQ1
3 INPUT
SOLVEQ

SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
NONE

LOCATION

LOCATION

LOCATION

05870
05880
05820
05870

. 05880

06400

LOCATION

J-3.267
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STRESS
SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
NONE

TFORCE
SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
NONE

THCOE
SUBROUTINE. CALLING ARGUMENTS
VARIABLE SUBROUTINE
NONE

TRI40R
SUBROUTINE CALLING ARGUMENTS
VARIABLE SUBROUTINE
NONE

LOCATION

LOCATION

LOCATION

LOCATION



DYNASOR IX J-3.269

Dctober 1972

SECTION III

PROGRAYN INPUT

The DYNASOR II code has been written so that the code can be employed
by researchers who are not familiar with the inna2r workings of the
program. Utilizing the guidelines and adhering to the 1limitations
presented in the previous section, it is believed that most users will
find it relatively easy to employ the code.

The code is available in the FORTRAN IV language using double
precision or single prescision arithmetic. This double precision
version requires a storage space of about 330K bytes on IBM 360/65
system while the single precision storage space is about 200K bytes.
Efforts have been made to make this code compatible with a large number
of computing systeams. In particular, adaption of the code for us=2 on a
CDC 6600 computer requires only minor changes.

The input data for a run consists of one card I (card types will be
explained on the following pages) follow2d by a complete set of data
(cards II-X) for each case. The set of cards II-X is the input data
required to generate the response of a shell for a given number of
harmonics due to a particular loading. The cards conmprising the data
deck for both an initial run and a restart are schematically represanted
in PFPij. 1. The cards specifying the Fourier harmonics, the initial
conditions, and the boundary conditions are oaitted from the input deck
vhen using the restart aode. If more than one zase is to be run,
include a set of data for 2ach of the cases. There is no limit on the
punber of <cases which may be included in a run., A card must be placed
at the end of the data for the final case.



INITIAL RUN

RESTART

X. END @F CASE X, END QF CASE

Temperatures Temperatures

Pressures Pressures

Concentrated Loads Concentrated Loads

IX. Applied Loads

IX. Applied Loads

VIII. Coeff. of Thermal Expansion

VIII. Coeff. of Thermal Expansion

0Le e-r

VII. Initial Conditions Cards

IV. Circumferential Angle Cards

e

///-—?;f: Nodal Restraint Cards II1I, Case Control Cards

V. Fourier Harmonics Card I1. Case Identification Cards

IV. Circumferential Angle Cards I. Run Contol Card

III. Case Control Cards

II. Case Identification Cards

I. Run Control Card:

FIG. 1 CONSTITUTION OF DATA DECKS - INITIAL RUN AND RESTART MODES.
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I. RUN CONTROL CARD

This card is used to identify the nunmber of cases to be run 2nd the
logical wunit numbers of the scratch tapes used in the run. (ONLY ONE
CARD I IS USED PER RUN.)

Card Type I Format (3I5)

Columns Variable Description

1-5 NCASES The numnber of different data sets utilized
for this run.

6-10 ND Logical unit number of the scratch tape
onto which all the data is read at the
start of the run.

O OO0 OV S O OO O OE D OOS G S OO NSL PSS sOOses S

11-15 NS Logical unit number of a seconl scratch tape
: used by the progran. '

BW OO0 0P O SOE S ST ET SR OO USROS OSSN RESE

----—-—-—-——-M-—-—qruq
B St s s MR s MNP CEE M SO D G =R G e OWS edm wee o

IT. CASE IDENTIFICATION CARDS

These cards allow the user to print out comments which identify the
problem being rua.
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A. Control Card (ORE CARD II-A PER DATA SET) .

Card Type II-A Format (2I5)

Columns Variable Description

1-5 NCARDS Nuaber of comment catrds (TYPE II-B) which
follovw. .

6-10 NT Logieal unit number 5f the tape (prepared

by SAMMSOR) from which the stiffness and
mass matrices, element properties, and re-
start information, if needed, will be read.

(o S Owe fmo G M0 D T GRS e R D G Gy o -
o o G e TS N SES St AL Vst Yt doud G whS man ol

Ba Identification Cards - The information punched on these cards is
printed as output and should identify the problem baing run. Thes2
conments should not Juplicate those of the SAMMSOR case since the
SAMMSOR comments will also appear as output. (IF NCARDS=0, OMIT
CARDS II-B, OTHERWISE INCLUDE NCARDS OF TYPE II-B.)

[ o - - -
Card Type II-B Format (2044)

Columns Variable Description

1-80 COMENT Any desired alphanumeric information mpay be
printed on these caris.

i
}_
|
i
{
|
|
|

e M ey T MR e Ana ol G

—— — o — -— e o . e - — —— — - ——
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III.

A.

CASE CONTROL CARDS

Control Constants - Time parameters, restart information, and other
miscellaneous control constants are input on this card. (INCLUDE ONE
CARD III-A PER DATA SET.) :

Card Type III-A Format (2F10.0,415)

!
{
|
!
|
i
{
i
|
|
|
]
|
|
i
|
|
l
|
{
|
|
|
|
|
!
|
|
{
i
{
!
|
)
i
|
|
|

21-25 IRSTRT Control constant which indicates if the so-

Columns Variable ~ - Description

1-10 TOTIME The maximum time (seconds) for which the
calculations are to be perforned.

11-20 DELTE Time increment (seconds) used in solving
the egquations of motion.

lution is being restarted. If the solution
is being restarted s2t IRSTRT = 1. If not,
set IRSTRT = 0.

LU B 0 B B B0 B AL B U B B BN B B B B B AR O BN BE Y BN BN 2% BU N BN B B BN BE BN N B BE RN W A

26-30 INCRST The number of the tine increment at which
the solution is to be restarted. INCRST
nust be an integer multiple of the value of
NPRNIT used in the previous run, If IRSTIRTI =
0, set INCRST = 0. .

31-35 NCLOSE Por a closed shell (such as a sphearical cap
‘ or a2 hemisphere) vhere node 1 is at the apex,
set NCLOSE = 1. Radial and rotational re-
straints will then be applied for the zeroth
hacmonic to aid the numerical stability of
the solution. If the shell does not fit tha
above description, sest NCLOSE = 0.

S O OS CRD GO0 O OO EN OO DN DO NS tOe D PO RNOS oD Rw

b s M s G G B Gae e S sty Gl s G s Bt W it et i W G WS G Gumn Gud D S St Enee G b s Wut Gmd g > oS o o

36-40 ITELF If thermal loads are to be applied in the
projram, sa2t ITELF = 1. Otherwise, set
ITELP = O.
B. Print Control card - The <constants us2d to control tha progranm

output are punch2d on this cari. (INCLUDE JOHE CARD III-B PER DATA
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Columns Variable

1-5

6-10

11-15

16-20

21-25

26~30

31-35

36-40

NPRNTQ

IPRINT

NCLCST

NSTRSS

NPRNT

NPRNIT -

NPRNTL

NPRNTF

Description

If the displacements are to be printed, set
NPRNTQ = 1. If not, set NPRNTQ = 0.

B O OO VPN D OUET OO VT OO TEOAOONOSOOSPSee s ae

If NPRNTQ = 1, the displacenents will be

printed every IPRINT time increments beginning

with the first time step. If NPRNTQ = 0,
set IPRINT = 0.

B ¢ G0 VWO O COOS O OPOCReSS ¢ S ESLE OSRGOSO EBTOOSEPeORT S

If the stresses anl stress resultants are ta
be calculated, set NCLCST = 1. If not,
set NCLCZST = 0.

If NCLCST = 1, the stress and stress resultants

vill be calculated and printed avery NSTRSS
time increments beginning with the first stap.
If NCLCST = 0, set NSTRSS = 0.

.Q..‘.Q.........‘....I......‘.Q.Q..........

If restart information is to bs placed on
tape, set NPRNT = 1. If not, sat NPRNT = 0.

If NPRNT = 1, the restart information will be
written on the output tape every NPRNIT time
increments. If NPRNT = 0, set NPRNIT = 0.

_____ - - — —-———1

{
!
[
{
i
i,

Crme e vt G S pnan et Swe GmiS A Cumn VD e S G ouen DD Gt S D D ey e Gt D GED S R SN g WS

It is suggested that relatively large values of|
NPRNIT be used, say 200, 400,etc., if the total]

nunber 2f time steps is relatively large.

If 2 printout of tha applied loads is desired,
set NPRNTL = 1. Othervise, set NPRNTL = 0.

If 3 printout of the generalizel forces is
desired, set NPRNTF = 1. Otherwise, set
NPRNTF = 0.

!



J-3.27DYNASOR II

October 1972

41-45 NPRNTH If the Fourier coefficients for the temperature]
and temperiture gradient are to be printed, set]
NPENTH = 1. Otherwisa, set NPRNTH = O.

46-50 NPRNXS If the mass and stiffness matrices are to be '
prianted, sa2t NPRNMS = 1. If not, set
NPBNMS = Q.

...-.........".......‘......-‘..‘......Cl..

> Gam MmN G S AP S Sud
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IV. CIRCUNFERENTIAL ANGLE CARDS

The circumferential angles at which the displacements and stresses
are to be calculated are read from these caris.

A. Control Card - (JNE CARD IV-A PER DATA SET.)

Card Type IV-A Format (I5)

o et e e e avm G e wde wux o
»

Columns Variable Description

1-5 NTHETA The number if circumferential anglas at which
the displacements and possibly stresses are
to be calculated. (1 < NTHETA < 20)

0 00 OB U OSSOSO N OESEE NSNS SEES ST sSEYN

P—-“u—mqpﬁq

——— s s e S eyt -——— -

B. Circumferential Angles - (INCLUDE 1-3 CARDS IV-B PER DATA SET,
DEPENDING UPON THE VALUE OF NTHETA.)

Card Type IV-B Pormat (8F10.0)

Columnns Variable Description

1-10 THETA (1) Circumferential angles at wvhich the displace-~
ments and possible stresses vwill be calculated.

|
i
|
|
|
l
]
L R R N N R I R R R I I I R R R N ’
!
|
l
|
I
l
J

11-20 THETA (2) (If it is desired to calculate the displace-
" " ments only along the line = 0, then include
" " -one card IV-B and set THETA(1) = 0.0)

" THETA (NTHETA)

G OS POOE DS OO0 TS OO VT CT P OWECO VSRS OIES N

P“-—-n-—a—t-_m-—-qﬂt!-q
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VY. PFOURIER HARMONICS CARD

This card proviles tha number of Pourier cosine harmonics to be
imployed for this analysis and enumarates the specific harmonics to be
used. (IF IRSTRT = 1, OMIT CARD V. OTHERWISE, INCLODE ONE CARD V PER
DATA SET.)

Card Type V Format (6I5)

Columns Varijiable Description

1-5 NH The total number of Pourier cosin2 harmonics
t> be utilized in this analysis (1 € NH <€ 5).

6-10 IHARN (1) Specific harmonics nuabers to bz imployed. NH

11-15 IHARM (2) values must be given and the zero harmonic
16-20 IHARM (3) must alvays be specified as one of the input
21-25 THARM (U) harmonic numbers. The user should check to be
26-30 IHARM (5) certain that the information for 2ach of these

harmonics has been created and storei on tape
by the SAMMSOR code.

o SEs GO Sun G Cum U eme GNT GNP s BTE aum G ST wmn s SW =y
o e et S s Ty St GRS D B =y Sl aame wn odp e o

- S ——— — ——— ——— - - — Y

Exanmple: Consider a case wvher2 it is desired to utilize harmonics 0, 2,
3, and 4, The input data for card Vv would then wutilize the
following values:

NH =04

L]
(=]

IHARH (1) NOTE: IRARM (1) should always

ba set egual to zero.
IHARM(2) = 2
IAARN(3) = 3
.IHARM(H) = 4

Columns 26-30 <corresponding to THARM(5) should be left blank for
this example since only four harmonics are being run.
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VI. NODAL RESTRAINT CARDS (Boundary Conditions)

The displacenment constraints applied to the shell are described
utilizing thes cards. (IF IRSTRT = 1, OMIT CABRDS VI-A AND VI-B.)

A. Control Card - {(ONE CARD VI-A PER DATA SET, UNLESS IRSTRT = 1.)

Card Type VI-A Pormat (I5)

Columns Variable Description

i-5 NODRES Total number of displacement constraints to
be applied to the shell (0 < NJODRES < 204)

B QT S0 NG OB S G WO 0 e OEES eSS TSSO ON PO e o

o G0 Mo o G e ave aye Gwo w
W s cun WD B an W adh mas of

B.. Boundary Conditions - (THE NUMBER OF CARDS OF TYPE VI-B MUST EQUAL
NODRES, UNLESS IRSTRT = 1. IF NODRES = 0, OMIT CARD5 VI-B.)

Card Type VI-B Pormat ({(2I5)

Columns Variable Description

1-5 NP Number of the node where the restraint is to
be applied.

DGO OO0 600G 0PI DO P DE S NOENSSPOORTO0 S SO S

6-10 NDIRCT Key used to indicates the degree of freedon
vhich is restrained.

NDIRCT = 1 applies axial restraint

NDIRCT = 2 applies circumferential restraiat
NDIRCT = 3 applies radial restraint

NDIRCT = 4 applies rotational restraint

— S SG o Gote ok CED goes D s S e EED eme D wd ace o

S5O0 ON% 0 WREOOPE GTOP PT WU OGSO PO WA S OO

pm%mm-b-—m__-m-—qn_q
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VII. INITIAL CONDITIONS CARDS

The initial velocities and displacements >f thaz nodes are specifies
on these cards. (IP IRSTRT = %, OMIT CARDS VII-Z, VII-B, AND VII-C.)

A, Control Card - Utilization of this control card greatly simplifies
the specificatioan of th2 initial conditions if either the initial
velocities or ths initial displacemeants, or both, are ejual to zero.
(ONE CARD VII-A PER DATA SET)

Card Type VII-A Format (2I5)

Columns Variable Description

1-5 IQON If the initial velocities at all the nodes
are zero, set IQN = 0. If not, sat IDN = 1,

6-10 IQON1 If the initial displacements ar all the nodes
are zero, set IQN1 = 0. If not, set IQN1 = 1.

PO OO U OCO OO CH GO OO ON OO DAY S OO0 P NS SRS Ce

-————--—---qp—q
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B. Initial Velocities - The initial nodal velocities must be specified
for each node of the shell for sach harmonic to be run. The logic
used to input the nolal veldscities is essentially the sanme as the
procedure used to spacify the element properties 1in the SAMMSOR
code. The initial valocities for each of the nodes are specifies
for the first of the input harmonics, then for the second input
harmonic, etc. This process is repeated uantil the nodal velocities
for the first of the input harmonics, then for the second input
harmonic, etc. This process in repeated until the nodal velocities
for each harmonic have been specified. (IF IJN = 0, OMIT CARDS
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Card Type VII-B Format {(2I5, 4F10.0)

N s Sevet e B D BT s GHE B M SO MDD Mud wed Gma el SN s P B cmme GO MR wem WD S ana od
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§ Columns Variable Description

I .

j 1-5 INT First node to which the velocities specifies

i on this card are applied.

3 P OBHE DO O ORESO O OEES O 09 P OO E OSSO OSSOSO

i - I3 - -

1 6-10 IN2 Last node to which the velocities specifiel

§ on this card are applied.

B @ S O 08 B0V OO0 PO e O OO O E OO0 OE O OO0 OSSP OOD e RO

3 - . .

i 11-20 q Initial nodal velocity in the axial direction
§ 1 for a particular harmonice.

I ® 0 08 OO 0 OO OO OV OO0 OO ST O NS OGO NN SO POESOCes e

{ .

! 21-30 q Initial nodal velocity in the circumferential
i 2 direction for a particular haraonic.

I ....‘.........."...O......".......-.......

i .

i 31-40 q Initial nodal velocity in the radial direction
i 3 for a particular harmonic.

i PO® QS & 9O O VOO DD VO CS OSSO O OE T WO GO SSOS e OORRSNS

§ . :

i 41-50 q Initial nodal rotational velocity in the neri-
i : 4 dional 3irection for a particular harmonic.

i ......O.-...........:......‘.-:.........O. e
C. Initial Displacements =~ 1In identically the same manner as is

etilized for the initial velocities, the initial displacements

are
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specified for each harmomic. (IF IQN1 = 0, OMIT CARDS VII-C)

Card Type VII-C Pormat (215, 4F10.0)

Columns Variable Description

1-5 INY Pirst node to which the displacenments specified
on this card are appliei.

L B B0 I B B B 2 3 B B B I B BY K WY BC B BB B B B BE B A 0 B I N BB BK BN B N )

6-10 IN2 Last node to which the displacem=2nts specified
" on this card are applied.

® OB 9 000D OOTV OP SO IE OO OOV D OO0 SO BOESPPRNSSES

11-20 q Initial nodal displacement in tne axial direc-
1 tion for a particular harmonic.

@ 6O 0N OO0 OO0 DO O OE OGO T OO D OO O ONOSSPEN VS BERND

21-30 q Initial nodal displacement in tne ciccumferen-
: 2 tial direction for a particular harmonic.
31-40 q Initial nodal displacement in the radial
3 direction for a particular harmonic.
41-50 q _ Initial nodal rotation in the meridional
4 direction for a particular harmonic.

P—-—--———-—_—-—-_———--wp-q
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VIII. COEFFICIENTS OF THERHMAL EXPANSION

If the thermal effects are to be included in the analysis, the
coefficients of thermal expansion must be specified using these cards.
These coefficients are assumed to be constant for a given element but
may vary from element to element. These coefficients are read in. the
same . manner as the element properties in the SAMMSOR code. (THE NUMBER
OF CARDS VIII MUST BE < NELEMS FOR ANY GIVEN DATA SET. IF 1ITELF = 0,
OYIT CARDS VIII.)

Card Type VIII Pormat (2I5, 2F10.0)

Columns Variable Description

1-5 IELK1 Number of the first element to which the
properties on this card apply.

IELM2 Number 2f the last element to which the
properties on this card apply.

11-20 ALST? Coefficient of thermal expansion in the
meridional direction (in/in/deq).

LG I U B BRI B B B0 B B BN B B B I B BN BN B B BE BEBE B B B B NN S SR B R N RN W NN Y

21-30 ALTI1 Coefficient of thermal expansion in the
circunferential direction (in/in/degy).

....C..‘..."‘...‘.......I....Q..-‘....‘...
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IX. APPLIED LOADS, TEMPERATURES, AND TEMPERATURE GRADIENTS

Since the concentrated nodil loads, distributed pressures, tempera-
tures, and temperature gradients may vary in time; it may be necessary
to specify these 1loads at a number of poiats in tims. If these loads
and temperatures are input at times T1: and r1i 1 the program will
calculate generalized forces du2 to thes2 loaﬁs at each of the input
times. A linear variation 5f the generalized forzes is then assunmed
betveed the times the loads are input., As soon as the value of tha tinme
reaches T134+], 2 nev set of loads is read in at T1 {42 and ths process of
calculating the ge2neralized forces is repeated. The time incrasment,
DELTE (CARD IIX-A), used in the solution of the ejuations of motion must
be less than the difference between any too >f the times at which the
loads are specified. 1If the loads and/or temperatures propagate in and
direction (moving loids), it is advisable to specify th2 loads at more
tizes than is necessary if they vary in intensity only.

Ring loads can be applied at the nodes and nust be input for each of
the harmonics. The riny loads utilize the same sign convention enmployel
for the shell nodal displacaments.

The pressure loadings, temperatures and temperature gradients are
assumed constant over the meridional length of the element but varia-
tions in the circumferential dicrection are allowed. Th=2se loadings may
be input in one of two ways. Either the Fourier coefficients can be
specified for each harmonic or the values of ths loads may be specified
at a number of <circumferential angles arouni the shell elemsnts.
Otilizing this second procelur2 a step function variation is assumed 1in
tne <circumferential direction. That is, the load is assumed constant
from 05 to Oj4pith the valus of the loads being equal to those specified
at 0;. Sign conventions for the pressure l12ading are given in Figure 2.

A control card (Card Typ2 IX-A) containing several key variables is
used to guide the reading of the loading conditions. Proper salection
of the values of these key variables results in a highly efficient
procedure for specifyingy a wide variety of loading conditions. The key
vords and their meanings are explained in Figure 3.

Before attenpting to input lsads to the cd>de the user is advised to
study the gquidelines presented in Section II, the exampla problems of
Section II, and Appendix 6 which presents a thorough discussion of the
various procedures necessary for specifying the loads.

A. Load Control Card

This <control <card is wutilized to direct the input of the loads for a
given time. This card indicates the presenc2 or absence of concentrated
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forces and distributad pressure loadings and indicates the procedur2 to
be utilized for creating the generalized tharmal forces. {ONE CARD IX-2A
IS NECESSARY 'FOR EACH TIME AT WHICH THE LOADS ARE BEING INPUT.)

Card Type IX-A Pormat (FP10.0, 4I5, A8)

Columns Variable Description

1-10 T1 The time for which the loads are being
input (sec).

11-15 HCP If concentrated rinjy loads are appliei to
the structure at time T{, set NCF = 1. If
not, set NCP = (. :

0O NVS PO EUTDE OB OO OO RS COY OSOD PO OD OSSNSO N S

16-20 IDELF If distributed loads are to be applied to
the shell at time I'1, set IDELF = 1. If
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i not, set IDELP = 0.
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21-25 "IDCOE If the Pourier cosine coefficients for the
distributed loadings are to be read in at time
T1, set IDTOE = 1. If not, set IDCOE = 0,

DO D DIONEOE DGO ON AN OO POV NS E SV SOV Ee s

26-30 ITCOE If the Fourier cosine coefficients for thea
temperaturss and temperature gradients are to
be read in at time I'1, set ITCOE = 1. 1If
not, set ITCOE = 0.

S UG 0000 ETOT VPN O OH CE OO N OO S OP OO TN

31-38 CONSTF If the applied loads, temperaturss and temp-
erature gradients ar2 constant fcom time, I1,
to the final time, TOTIME (CABD III-A}, punch
the word CONSTANT in coluamans 31-38. If thase
parameters are not constant, ls2ave columns
31-38 blank.
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B. Concentrated Rinjy Loads

The concentrated .ring 1loids must be specified for each harmonic. (IF
NCF = 0, OMIT CARDS IX-B.)

1. Control Card - This card indicates the presance of absence of
concentrated riny loads for a particular harmonic. (ODNE CARD IX-B-1
FPOR EACH HARMONIC.)

Card Type IX-B-1 PFormat (IS) |

Columns Variable Description

|
{
1-5 NCP1 If there are concentrated ring loads for this |
particular harmonic, set NCP1 = 1. If not, §

set NCF1 = 0, i

.'
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2.Concentrated Ring Loads - Por harmonics having ring loads associated
vith them, the loads are specified using these cacrds. (IF NCF1 = 0O,
OMIT CARDS IX-B-2 POR THE HABMONIC BEING CONSIDERED.) ONE OR MORE
CARDS IX-B-2 MAY BE USED, BUT NEBVER UTILIZE MORE THAN 51 PER
HARMONIC. 4

Card Type IX-B-2 Pormat (215, 4F10.0)

—— -

Columns Variablsz Description

1-5 IM Pirst node to which this loading applies.
6-10 IN2 Lasg node to which this loading applies.

11-20 F1 Axial ring load applied at a node (lb).*

21-30 F2 Circunmferantial ring load applie@ at a

node (lb).*¥

-0 63 0 %0 O 960D 0SS S SO0 9 SO G ONS S OEN eSO DGO

31-40 F3 Radial ring load applied at a node (1lb).*

41-50 Py Concentrated moment applied at a node (in-1lb).*

S QN e M e SD TS QNP Gue Gat GOD s SED GED GND gug G Cuc (IR GRS CES U Gma Ty
S wn G An awes ares RN EED GNP AT et s RS SRS M G Gude tmem WED Gk S ol San ol

Examples: The use of cards IX-B should becoae clear after considering
the folloving examples:

1. Consider the <case whare a unifora tensile ring loading 2f 100
psi is being applied in tha2 axial direction to the first nole of
a cylinder. The solution for this problem has been presanted in
Pigqure 20 of Reference 31 The thickness of the cylinder is 0.1

* The total value of the ring load for each harmonic is input, not the
load per unit length of circumfera2nce. Por complicated ring loads the
value of the load input for each harmonic is obtained by intergrating
the product of the 1load and the correspondinjy displacement function
around the circumference.
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inches with the ridius being given as 6 inchas. Consider that
harmonics 0 and 2 are being rum. The total ring 1load £or the
zero harmonic will be (100) x 2¢(6) x (0.1) = 376.9 1b.

Five cards of type IX are raquired to input these loads assuming
they are constant from time T1 = 0.0 to TOTIME and assuming 50 elaments
are used to idealize the structure.

CARD VARIABLE VALODES

IX-a T1 = 0.0 RCF = 1 IDELF = IDCOE = ITéDE =0
IX-B NCP1 = 1 (HARMONIC 0)

IX-C INT=1 INi1=1 F1 = -376.9 F2 = F3 = F4 =0

IX-C INT = 2 IN1 = 51 P1 = F2 = F3 = P4 = 0

IX-B ‘NCFZ =0 | (HABRMONIC 2)

2. The second example considers a radial ring load 2f P cos)
applied to a cylinder of radius r.

Performing the integration, one obtains the radial ring 1load for
harmonic 1 as '

2m
F3 = (f) (F cose)rcosedo

=an

The Fourier coeffici2nts for the other harmonics are zaro.
C. Distributed Loads - (IF IDELF = 0, OMIT CARDS IX-C)

The distributed loadingys may be input in one of two ways: the Pourier
coefficients may be read in for each harmonic or the loadings may be
specified at a desirz2d number of circumfer=ntial angles ( < 37). If the
second option is used, the Fourisr coefficieats will then be generated
internally, The wuser should note that it is possible to input
distributed loads in only one of twd ways.
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1. Distributed Loads - (Input at various circuaferential anjles)
Since the choice of th=2 displacement functions utilized in this
analysis necessitate the presence of loials symmetric about the
meridian 6 = 0, it is necessary t5 specify the distributed
loadings for angles from 0?2 --> 180°, The code then asSsunes
that the distribution from 1809 --> 360° is th2 mirror image of
the input distribution. (IF IDCOE = 1, OMIT CARDS IX-C-1)

de Control Card - Utilize this card to indicate the number of
angles for which the loads will be specified.

card Type IX-C-1-a Format (3I5)

Columns Variable 'Description

1-5 IELH1 ‘" pirst element to be distributeil
loading applies.

N 000 A OO0 eSO DO OSPRS00 OSSOSO GEes e

6-10 TELH2 Last element to which this iistributed
Jloading applies.

P O 0O B OO O OGSO OO OO POS SO 0SBSOS SS ST A eSS

11-15 NDp - Number of circumferential angla2s at which the
' distributed loads are to be specified
(1€84DP<37). If the loadings are constant in
the circumferential direction sat NDP = 1.

p-———:_-—&-—~_-——m-q,—m-q
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b. Distributed Loads at Specified Anglas* This card specifies the
angle at which the 1loads are being input and proviies the
values of the loads at that angla. (INCLUODE NDP CARDS OF

* The first loading nust always be given for © = 39, The next loading
is given at the angle vhzre the load changa2s in value. If the load is
constant with respect to ©, only one card will be necessary to input the
load. Do not input values for the loads at 0 = 180° since the 1loal at
that angle will be a2qual in all cases to thz load input at the przvious
value of THETAB.
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TYPE IX-C-1-b FPOR EACH CARD IX-C-1-a.)

Card Type IX-C-1-b Format (4F10.0)

- -1

.
|
+ ---1
i |
| Columns Variable Description i
1 : i
i 1-10 THETB Circumferential angle (degrees) for which this |
| data is given. ]
' ®OCE OO YOO BN OO OB OP PP SO AP STYSEO BSOS l
{ |
| 11-20 P Distributed load in the meridional ]
| direction (psi). ]
l ..Q.-..................‘.‘."...‘O‘OG..... l
i !
| 21-30 R Distributel load in the normal lirection (psi).|
l .I.........-Q"‘.........-....--........... '
! |
i 31-40 S Distributed load in the circumferantial 1
i : direction (psi). {
' o0 0O 000 O SO 8 Ot N OO OO S O NS SO OSSOSO eD O sS ,
B e e e o e e e e e v . a9 S B e e D i R . A e e S o D S e . S . o O o A B A A e e . A . S . S ot ]
Exanple: Consider the normal prassure distribution on an

2«

element depicted in Figure 4. To input the pressure on this
element reguires specification of the pressures for four values
of ©. '

THETB R(I)
0.0 -01
30.0  -Q2
90.0 -03
2.0 0.0

Distributed Loads - (Pouriar Coefficients) The Fourier coeffi-
cients for the distributed loads mey be specified using these
cards. The coefficients must be specified (evan though they nay
be zero) for each harmonic being employed in the anialysise. The
coefficients are specified for each harmonic of the first group
of elements, then for each harmonic 2f the second group, etc.
until the values have baen input for all the elements. (IF
IDCOE = 0, OMIT CARDS IX-C-2)
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Qs Control Catd

| aen - - -
§ Card Type IX-C-2~a Format (2I5) |
b~ - i
§ . |
i Columns Variable Description |
i ’ |
§ 1-5 IELA1 Pirst element to which these loads apply. 1
i .....9.....‘...-.‘........‘............... '
) l
! 6~10 IELN2 Last element to which these loads apply. |
i ]
i

- - - e o i o e e o 3

b. Pourier Coefficients - (NH CARDS OF TYPE IX-C-2-b FOR EACH
CARD IX-C-2-a.)

— - ———3

Card Type IX-C-2-b Format (3F10.0)

Columns Variable Description

1-10 4 Fourier coefficient of the 3istributed load
in th2 meridional direction for a particzular
harmonic (psi).

G 0 8 VOO VDO OO AYT DR E OO ON SO TS ONTO VOO ONEEDO OO

11-20 R Fourier coefficient of the distributed load
in the normal direction for a particular
harmonic {psi).

21-30 S Pourier coefficient of the distributed load
in the circumferential 3irection for a parti-
cular harmonic (psi).

® OO OO N OO O O OO OO SS OO n DS PSS A E RSP0 9N s e en

o e e T B W W OO M dee SN WD O ST GuO Gmt M m SYm ke o
A B - -0 —— GMED GEs @) S e M G s As S G s Se whe ome

D. Temperature Distribution and Gradients '

Essentially the same 1logic is employed for inputting the temperatures
and gradients that was used for th2 specification of the distributed
loads. The explanation of this procedur2 should therefore not need be
rfepeated.
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The temperatures are specified for the midsurface of the shell. The
temperature gradients (through the thickness) are consider=d positive if
the temperature for the outar surface is greated than the t2mperature on
the inner surface. {(IF ITELF = 0, OMIT CARD53 IX-D.)

1. Temperature Distribution and Gradients - (Input at various
circunferential angles)

Again, the requirement of symmetry about the meridian & = 0, makes it
necessary to specify the temperature distribution and thermal gradients
only from 09 --> 180°. The temperature distribution aad gradients are
input on the same <cards for the various angles. (IF ITCOE = 1, OHIT
CARDS IX-D-1.) '

a. Control Zard - Utilize this card to indicate th2 number of
angles for which the temperature and gradients will be
specified. :

—————— - ——— —— —— — .

Card Type IX-D-1-a PFormat (3I5)

Columns Variable Description

1-5 IELM Pirst elament to vhich this 3data applies.
6-10 IELM2 Last element to which this Jata applies.
11-15 - NDP Number of circunferential anjles at which tha

temperature 3istribution and gradient are to

BE SPECIFIED (1 < NDP <€ 37). 1If the tenperature
is constant in the circumferential direction,
set NDP = 1.

P OO O N VOO D OOV NCEON OO EOS SOOI OSOO BSOS SES

P--..-_—_————“--q-—q
M am s woe S e S GO s s s A B0 GED WD G bt ene o

b. Tenperature and Temperature Gradient at Specified Anglas -

This card specifies the angle at which the temperature and temperature
gradient (through the thickness) is being input and provides the value
of the temperature at that angle. (INCLUDE NDP CARDS OF TYPE IX-D-1b
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FOR EACH CARD IX-D-1-a.)

q
§ Card Type IX-D-1-b Pormat (3F10.0) |
¢ - i
! .. i
B Columns Variable Description ]
i : !
§ 1-10 THETB Circunferential angle for which this tempera- l
{ ture and gradient are given. i
l ® OGO VDO OO N OO OB OO PP SO ESGENNS ISR 9SS ,
§ ‘ i
| 11-20 P : Distributed temperatur= at @ = THETIB (°F). |
5 ..-.....I...‘......"....._................. i
{ |
i 21-30 R Temperature gradient (through th2 thickness) |
§ at o = THETB (°F/in). i
' ’ 0O OO0 O OOO OH GO ST OO HC OB OO0 eSO E e G '
L ]

2. Temperature Distribution and Gradient - (Pourier Coefficients)

If the user so desires, the Fourier coefficients for the temperature
distribution and gradient may be specified for each 2f the haraonics
being used. Again, the coefficients are specified for all harmoanics for
the first group of elements, then for the sacond group, a2tc., until all
the element coefficiants have been input. (IF ITCOE = 0, OMIT CARDS
IX-D-2)

Qe 'Control Carc3l

Card Type IX-D-2-a Format (2I5)

Columns Variable Description
1-5 IELM1 Pirst element t> which these properties apply.
6-10 TELM2 Last element to which these properties apply.

rn--.-n-&_ant.—-
W g Bl WD oun Cvor R g Sow wh o

be Fourier Coefficients - (NH CARDS OFP TYPE IX-D-2-b FOR EACH
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CARD IX-~D-2-a.)

Card Type IX-D-2-b Pormat (2F10.0)
Columns Variable Description
1-10 ~ TH1 Pourier coefficient of the temperature distri-

bution (°F) for a particular haraonic..

Q00 0 OO U OGO 9OP O BT OGO OB P PO B STN eGSO eS N

11-20 DTH1 Fourier coefficient of the temp=aratur2 gradiant
(°F/in) for a particular harmonic.

LA B N RS- R A B N B N B N E B I B B N I I N B B N A N B N R I I N B N W WY

p--_-u--qr-1
D B G s, TS G g TS W e Sae wlE G o

X. PINAL DATA CARD FPOR A CASE

Place this card after the last card IX of each data set. This
signifies the end of the input 3data for a case. (ONE CARD X PER DATA
SET.)

L AL 2K B I8 B B B B B BN B AL B0 B B I BC BN BN B B B BN B AN B N B WY N N N NC NN RPN Y

L 3 h
| Card Type X. |
3 i
L 3

| , : i
i Columns ~ Punch }
{ 1
| 1-11 END OF CASE l
{ |
L 3

XI. FPINAL DATA CARD POR A RUN

This card must be pliced after the card X of the last case to be run.
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It denotes the end of the input data for a ran. (ONE CARD XI PER RON)

—— s e e

Card Type XI

Colunns Punch

1-10 END OF RUN

LA B B B B BC I BN AL BN AL N BN AN N B B B BN WL B I BN L I BN B B B I B BN B BRI 3K B B N

P-n-“-—q..-q
- s NES aun an e obB cae ol
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EXANPLE PROBLENS

The example problams which follov were <chosen to demonstrate the
versatility of the code and to further acquaint the users with the
procedures for inputting the data to the code, Tha Jata preszated
herein is typical for the problems solved by the code and demonstrates
many of the input procedures.

Since tha most complex portion of the input data is the specification
of the loading conditions, a variety of 1loadings are 1Jlemonstrated.
Response curves are presentad so the user n2ay check his output with thhe
previously obtained curves. The first two 2xample problems utilize the
shells described in 2xample problems 1 and 2 of the SAMMNSOR user's gjuide
(Ref. 1) while the third exaapla problem demoastrates the two procedures
for specifying distributed pressure loadings.

Example Problem 1

The first example problem was chosen to dz2moastrate the procedure for
inputting a concentrated ring 1oad and to Jdemonstrate the progranm's
capability to solve highly nonlinear probleas. For the forty pouni loal
applied in this problem, th2 static solution shows that the nonlinear
displacenent is more than four times as largs as the linear solution.

The shell to which tha load is applied is the shallov spherical cap
(A=6) utilized in the first example problem in the SAMMSOR user's Juide.
The edges of the shell are assumed to be claapad. Since th2 loadiny is
symmetric, the displacements and stresses will be calculated only 2along
the line o = 0. Only the raspons2 for the zeroth hacrmonic will be
determined. A set of input data for this case is presented in Figura §
with the digplacement response of the apex of the shell being presantej
in Pigure 6. This response curve shoull allov the us2r to check his
version of the code.

Example Problem 2

The shell described in the s2cond exampl2 problem in the SAMHSOR
user's gquide is now 'subjected to a 50 psi internal pressure. The
load-in is applied at time T1 = 0.0 and r2mains constant for the
duration of the calculation. :

Tvo sets of input data are provided for this exaaple praoblam. The
first set (Figure 7) allows the program to cilculate the respons2 for
the first 300 time steps. The second set of input data (Pigure 8) will
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CARD
TYPE

ITI

Iv

VI

VII
IX

' [
WO ® > WO mDWP >

NCASE= 1
PRINTOUT OF INPUT DATA
10 20 30 40 50 - 60 70 80

12345678901234567890123456789012345678901234567890123456789012345678901234567890

6 4
e e i ol o e R e ok o o ook e Ao K R Rk R Rk AR Bk kR kK B R
EXAMPLE PROBLEM NO. 1 DYNASOR II USER®S MANUAL
THE SHELL DESCRIBED IN EXAMPLE PROBLEM 1 OF THE SAMMSOR USER®S GUIDE
IS SUBJECTED TN A 40 LB. APEX LOADING WITH THE SOLUTION BEING DETERMINED
FOR 409 TIME STEPS
o o o ke ok ok R R R R R AR R SRR R R R R Rk Rk kR R kKR R R

0.0001 .00000025% 0 0 1 o
1 4 1 8 1 100 1 1 0 1
1
0.0
1 0
4
31 1
31 2
31 3
31 4
0 0
0.0 1 0 0 OCONSTANT
1 1
2 1 1 40.0 0,0 0.0 0.0
2 2 31 0.0 0.0 0.0 0.0
END OF CASE :

96¢°¢-0



wW/H AT APEX

2.0

.5

1.0

0.5

0.0

At=0.25 p SEC.

I R R M S S

DOUBLE - PRECISION _

100 200 300 400 500 600 700

TIME (MICROSECONDS)

FIG. 6 APEX DISPLACEMENT RESPONSE UNDER

CONCENTRATED AXIAL LOAD

L6e-e-r



L °bL4

¢ W37904d 3TdWVX3 - VLVA LNdNI

NCASE= -2
"PRINTOUT OF INPUT DATA

CARD 10 20 30 40 50 - 60 70 80
TYPE 12345678901234567890123456789012345678901234567890123456789012345678901234567890
IT - A 6 8 :

- B FmdokakokdokokoR R Rk ook ok ARl kR R R AR KRR RRAR R KRR SRR KRR RS RS R KRR AR KRR G

- B EXAMPLE PROBLEM NO. 2 DYNASOR IT USER?S MANUAL

- B CAP=-TORUS-CYLINDER CONFIGURATION

- B THE SHELL DEPICTED IN THE SECOND EXAMPLE PROBLEM OF THE SAMMSOR USER®S

-'B MANUAL IS SUBJECTED TO A 50 PSI INTERNAL PRESSURE

- B st R e e e o o o e o o e e ok oo ot o ok o ke ok ok o ok o K i ok o ok o ok ok ok o e o o o ko o oo o koo o ok o o o e
111 - A 0.0009 0.000003 0 0 1 (o]

- B 1 10 1 20 1 100 1 1 0 1
IV - A 1

- B 0.0

v 1 0

VI - A 4

- B 51 1

- B 51 2

- B 51 3

-B 51 &
VII - A Y 0
IX - A 0.0 0 1 0 OCONSTANT

-C -l-a 1 50. 1

<b 0.C 0.0 50.0 0.0

X END OF CASE

86¢°¢-0
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CARD
TYPE

IT -

II -
v -
IX -

OO RODD

NCASE= 3

PRINTOUT OF INPUT DATA

10 - 20 30 40 50 60 70 80
1234567890123456789012345678901234567890123456789012345678901234567890123456786890

6 8
2 e o oot e e A0 ok o o oo o ok ootk oo ool e o ok o o oo o g ek R e 0 e ok o ok ek ot o o o e oo o ok o o o e e e ool ook o e e o
EXAMPLE PROUBLEM NQO. 2 DYNASOR 11 USER®S MANUAL
THE INPUT DATYA NECESSARY TO RESTARTY THE CCDE AT TIME INCREMENT 300
IS PROVIDED TO GUIDE THE USER IN HIS RESTART OPERATIONS. THE PROBLEM
IS TO BE RUN FOR AN ADDITIONAL 30C TIME INCREMENTS.
L L R T I I T T T I M T,
0.0018 0.000G0C3 1 300 1 0
1 1C 1 20 1 100 1 1 0 0
1

0.0
0.0006 0 1 o OCONSTANT
-1 -al 50 1
0.C 0.0 50, C 0.0

END. OF CASE

662°€-0



APEX AXIAL DISPLACEMENT (in)"

-.002

-.004

-006

-.008

T i )

- |+—5377" LR —>

f z.so"p

g
|

60" O.R.
L
NANNS
At= 3.0 usec.
- —

P= 50 psi.elNTERNAL _
E= OXIO™ psi
v= 0.333

1 | | 1 ] |

500 . 1000 1500 2000 2500 3000

TIME (MICROSECONDS)

FIG. 9 DISPLACEMENT RESPONSE UNDER lNTERNAL 'PRESSURE

oog-e-r
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restart the code at the eni of the 300th time step and will then allow
the program to calculate the response for an additional 300 increments.

Since this problem is only moderately nonlinesar, it is interesting to
. note that a much larger time step can be usel for this problem than was
eaployed in the previous exampl2 problea. The lisplacemant casponse
obtained for this problem is presented in Figure 9.

Exaaple Problen 3

This example problem was selected to demonstrate tha procedures for
inputting the distributed 1loadings on a shell. A cylindrical shell
(figure 10) is subjected to a half cosine 1loading which is symmetric
about the meridian = 0. This load is applied along the entire length of
the shell. The pressure loiading may be specified in on2 of tvwo ways:

1) The Pourier coefficients may be ianput for each harmonic.

2) The pressure may be specified at various circumferential
angles with the Fourier coeffici2ats then being internally
generated.

The first set of input data (Pigure 11) utilizes the first >f the
above procedures and inputs the Fourier coefficients. The input data
presented in Figure 12 Jescribes the loading by specifying the value of
the pressure at the various anjyles. The same procedurs is employed to
describe the temperature and temperature gradient distributions.

Considering the symmatry of the loading and the boundary conditions
applied to this shell, it can easily be recojnized that the displace-
ments and stresses will ba symaetric about thz center of this cylinidric-
al tube. Therefore, only on2-half of the shell neeis to be analyzed.
The plane of symmetry is assured by applying an ax1al and a rotational
restraint at node one (1). :

44
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FIG IO CYLINDRICAL SHELL SUBJECTED TO HALF
COSINE PRESSURE LOADING
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CARD
TYPE

II

II -
v

VI -

VIl
IX

]
OIP>PEOEEE®IP PRI BD

NCASE= 5

PRINTOUT OF INPUT DATA

10 20 30 40 50 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678901234567890
6 4 .
oo sk o ok o o o o o ok o o o o o ok e o o oo o e Rk oo o oo kol ok R ke ook e e e ool o o ok kR ko R e R R R
EXAMPLE PROBLEM NO. 3 DYNASOR II USER*S MANUAL
CYLINDRICAL SHELL EIDEALIZED USING 30 ELEMENTS IS SUBJECTED TO A HALF COSINE
LOADING YO DEMONSTRATE THE OPTIONS FOR INPUTTING DISTRIBUTED LOADS.
%% [N THIS CASE THE PRESSURE 1S SPECIFIED BY INPUTTING THE FOURIER COEFFICIENTS
o A o ok e o o sk e o i 90 o o e o e o ol ok o o 0K e e e o ok o e o o ok e e ok a0 ool o ok ek o ook o o e ok e o e o o o e o ok ol e o o o ol ek Kk ok
0.0005 0.00091 0 0 0 0
1 5 1 10 1 50 1 1 0 1
2
0.0 30.0
5 0 1 2 3 4
6 .
1 1
1 4
21 1
21 2
21 3
21 4
0 0 -
0.0 0. 1 1 OCONSTANT
- 2- al 20
-b 0.0 -3.1831 0.0
- b c.0 -5.0000 0.0
- b 0.0 -2.1221 0.0
- b 0.C 0.0000 0.0 s
- b 0.0 0.4244 0.0 L@
END OF CASE =
w
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CARD

TYPE
11 - A
-B
-B
-B
-B
-8
-8
Il - A
- B
iv-A
-8B

v
VI - A
-8
-8
- B
-8
-B
-8
VII - A
IX - A
-C

X

NCASE= 4

[ 2 2N T R D U R RN I R DN R DR DN BENN DNNY BN N N BN )

10 20

PRINTOUT OF INPUT DATA

30

640

50 60

70

80

12345678901234567890123456789012345678901234567890123456789012345678901234567890

6

4

SESRARERPEARAR SRR RRX KRS A RRR AR SR SR EXESEXR A RS R A RS A XK XERXES AR ER AR KBBARREBR A% R

b
b
b
b
b
E

a
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b

EXAMPLE PROBLE

CYL INDRICAL SHELL IDEALIZED USING 30 ELEMENTS 1S SUBJECTED 7O A HALF COs INE,
LOADING TO DEMONSTRATE THE QGPTIONS FCR INPUTTING DISTRIBUTED LOADS. )

M NO- 3

DYNASOR Il USER'S MANUAL

¢% IN THIS CASE THE PRESSURE 1S SPECIFIED AT VARIOUS CIRCUMFERENTIAL ANGLES »=*
SEEEERRXRRAE XA AR ERBRARREBAREEAEE RS R ERR SR EE RS A BERE SRR RS SEXRERREEEE AR R R ER KA K

0

«0005 0.00001

5 1 10
0. 30.0
1§ 2

o0

R EEEEEEEERERE
COOQ0ODOOOO0OOOOOCOOOO0O00O0OODOO0O0OOODO0OOO0ODOO

[ I O RO N N O O IO TR N R 2 N N U NN AN N NN}

75.0

® & & & ¢ o o

LI T T O TN O N 2 RO IO I I A |

r'S
w
L]
o
[cX-NoN-RoNoNo-YoNoN-NoN-NoNoRN-W-NeNloN-NoNeoNoNeoNoNoNeNoNoNoNeoNNoN-NoXol

ND OF CASE

Fig. 12 INPUT

o o o
1 50 1
3 4

0
1

0 OCONSTANT

9.9976
9.9786
9.9406
9.8836
9.8079
9.7134%
9.6005
9.4693
9.3201
9.1531
8.9687
8.7673
8,5491
8.3147
8.0644
T7.7988
7.5184
T.2236
6.9151
645935
6.2592
5.9131
5.5557
5.1877
4. 8069
4.4229
4.0275
3.6244
3.2144
2.7983
2.3769
1.9509
1.5212
1.0887
0.6540
0.2181
0.0000

0.0
0.0
0.0
0.0
0.0

® 6 & & © 0 & & & 0 o

0000000000000 O0O0OO0OO00000O0O0O0OO0O0O0O0OO0O

COO0O0O00O0O0OOCO0OO0ODOOOODO0OOO0OO0ODO0O0OO00O

o 0

DATA - (SET #2) - EXAMPLE PROBLEM 3

bz
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Use of the Restart Option

In order for effi-ient use to ba pmade of the DYNASOR II code, the
“user should become familiar with the option proviled for restarting the
program. Through effective use of this option the iynamic respoase
studies can be completed using a minimum amount of computer tinme.

Use of the restart option may prove invaluable in a number of
situations. Abnormal termination of the program may occur if a
nuperical instability is noted in the raspoase. If this occars, the
restart option can be used with a different value of the time increment.
Another important use of the restacrt option aris2s vhen the |user is
satisfied with the results previously obtain=23d but desires t> extend the
response data to a further point in time. 1In such a case the program is
restarted at the last tine step for which the restart information vas
placed on tape. A most effective use of this option can be made vhen
conducting dynamic stability analyses whers it is desirable to evaluate
the response to see if buckling has occurred. If it has naot, the
decision can then b2 made to extend the run to further points in tisme.

Otilizing large time steps can result in a damping effect upon the
solution so it is advisable to run the problem for a couple of
oscillations, check to se2 if the solution is significantly dampad,and
then run the problem for the desired number of oscillations. If an
~ evaluation of the initial results indicates that a smaller or larger

tine step should be ased, the restart facility might be used to . Xkeep
from having to repeat the initial calculatioas.

The displacements, vzlocities, and forces should be written on tape
for almost all of the cases to insure that the rastart information will
be available if an evaluation 5f the calculited rasponsa2 indicates that
the program should be restarted. The time r2juired to write the restart
information on tape is negligible when compared with the amount of time
required to obtain the total response. '

If it is desirable to decrease the time increment when restarting the
program, the user should exercise care in selection the incra2ment
(INRST) at which the projram will be r=startad. The dacision to
decrease the size of the time step will usually be based upon the
observation that the solution has become unstable or that significant
dampiny is present in the response. To restact the program the user
must be sure that th2 increnent (INCRST) has been sa2lected small enough
to insure that the inaccuracies created by the larger time step can be
neglected. ' -

On the other hand, if the results from a previous run indicate that
it is possible to increase the size of the time stip for the remiining
calculations, then care nmust also b2 taken ia th2 selection of INCRST.
For tha numerical extrapolation procedure to produce accurrate sets of
displacements, it 1is recomaended that the solution be restacrted on a
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relatively straight portion of the displacem2nt response curve. Consid-
ering the curve presented in Figure 6, it woulldl be recoamended that the
program be restarted at 500 microseconds rather than at 600 microseconds
because of the extrapolation procedure being utilized (i.e. the curve
is smaoother at 500 aicroseconds). '

When using the restart option, it is possible to specify different
values for a number 2f the control constants and input paramaters. The
data on cards I-IV may b2 changal, but th2 same Pourisr harmoniczs and
boundary conditions mnust be used. It is alo ra2quired that the
coefficients of tharmal =2xpinsion remain the sime when restarting the
program. These requirements allow the user to omit card types V, VI,
and VII vhen preparing data for rastart oparations, The considerations
effecting the input of the loads for restart operations are presented in
Appeandix 6.





